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SUMMARY
When t h i s  p r o j e c t  was i n i t i a t e d  in 1964, th e re  was no 
comprehensive i n fo r m a t io n  a v a i l a b l e  on the  he lm in th  fauna o f  
B r i t i s h  p igs .  In o rd e r  to  e s t a b l i s h  a base f o r  e p id e m io lo g ic a l  
s t u d ie s ,  post-mortem m a te r ia l  f rom 3,800 pigs was examined.
Twelve he lm in th  spec ies were i d e n t i f i e d ,  i n c lu d i n g  f i v e  
not  p r e v io u s l y  recorded f rom p igs  in the  Un i ted  Kingdom. The 
inc idence  o f  Ascar i s suum and T r i c h u r i s  su is  was found to 
d e c l i n e  w i t h  the  in c re as in g  age o f  the  hos t ,  w h i l s t  
Oesophaqostomum spp. and HyostronqyI  us rub idus were encountered 
most f r e q u e n t l y  in the  a d u l t  s to c k .  The l a t t e r  genera occur red  
in the g re a te s t  numbers in the  s p r in g  and e a r l y  summer. The 
s i g n i f i c a n c e  o f  these o b s e r v a t i o n s ,  i n c lu d in g  the  prominent  
r o l e  o f  the sow in the  ep idem io logy  o f  oesophagos tom ia s is , is 
d i scussed .
Data c o l l e c t e d  from f i e l d  s tu d ie s  showed t h a t  the  number 
o f  Oesophaqostomum ova shed in the  faeces o f  sows is g re a te s t  
when the p i g l e t s  a re  s u c k l i n g .  A f t e r  weaning,  the re  is a 
sudden drop in values caused by the e xp u ls io n  o f  a d u l t  worms. 
The per i  p a r t u r i e n t  r i s e  in egg-counts  does not  take  p lace i f  
the  progeny are taken away a t  b i r t h .  S m a l le r ,  r e g u la r  peaks 
in the  Oesophaqostomum egg o u tp u t  o f  one non-pregnant  sow 
co in c ide d  w i t h  o e s t r u s .  The a d m i n i s t r a t i o n  o f  c e r t a i n  hormones 
(FSH and LH; p roges te rone ;  ACTH) m o d i f ie d  t h i s  p a t t e r n .
The pe r i  p a r t u r i e n t  e g g - r i s e  appears to  enhance the 
o p p o r t u n i t i e s  f o r  the  t ra n s m is s io n  o f  i n f e c t i o n  to success ive
gene ra t ions  o f  p ig s .  In a d d i t i o n ,  b i o l o g i c a l  pathways e x i s t  
f o r  the  d i s p e r s i o n  o f  la rva e  f rom the  dung-pat .  T h i r d  stage 
Oesophaqostomum j u v e n i l e s  w i l l ,  f o r  example,  c o i l  around the 
abdomen o f  c e r t a i n  manure b reed in g  f l i e s  ( Psychoda s p p . ) ,  
which then f u n c t i o n  as t r a n s p o r t  hos ts .  Under la b o r a to r y  
c o n d i t i o n s ,  po rc ine  oesophagostome la rva e  can invade the 
i n t e s t i n a l  mucosa o f  r a t s  where they become encapsu la ted.
I f  the r a t  t i s s u e s  are  fed to  p igs they are ab le  to resume 
t h e i r  development and grow to  m a t u r i t y .
A s i n g l e  dose o f  a broad spectrum a n t h e l m i n t i c  g iven to 
g i l t s  o r  sows one to  two weeks b e fo re  the expected date  o f  
f a r ro w in g  was shown to e l i m i n a t e  the per i  p a r t u r i e n t  egg- 
r i s e .  A new a n t h e l m i n t i c ,  0 , 0 - d i m e t h y l - 2 , 2 - d i c h l o r o v i n y l  
phosphate,  was eva lua ted  f o r  the  f i r s t  t ime in a d u l t  p ig s .
I t  proved to  be h i g h l y  e f f e c t i v e  and w e l l  t o l e r a t e d .  L i t t e r s  
f rom sows t r e a te d  w i t h  t h i s  compound were a pp rox im a te ly  4% 
h ea v ie r  a t  weaning than those f rom c o n t r o l  dams.
Other workers have demonstrated t h a t  one sequel o f  
oesophagos tomiasis in ruminants is an acce le ra te d  ra te  o f  
plasma p r o te i n  c a ta b o l i s m .  ( t  seemed p o s s ib le  t h e r e f o r e  
t h a t  the reduced g r o w th - r a te  o f  in fe c te d  p i g l e t s  may be 
assoc ia ted  w i t h  a s i m i l a r  d y s fu n c t i o n .  Serum samples from 
e x p e r im e n ta l l y  in fe c te d  p igs  d id  n o t ,  however, reveal  any 
marked hypoalbuminaemia.  When albumin  c a ta b o l i sm  was 
measured by s tu d y in g  the  f a t e  o f  i n j e c te d  1^5 i -a lbum in  in 
p a r a s i t i z e d  and worm - f ree  a n im a ls ,  no d i f f e r e n c e  cou ld  be 
demonstrated.  Th is  r e s u l t  was con f i rmed  by o bse rv in g  the 
ra te  o f  passage o f  ^31 | - po1y v Î n y 1p y r r o 1 idone i n to  the  
g a s t r o - i n t e s t i n a l  t r a c t  f o l l o w i n g  in t ravenous  i n j e c t i o n .  
Aga in ,  i d e n t i c a l  va lues were o b ta in e d  f o r  t e s t  and c o n t r o l  
an imals .
F i n a l l y ,  the  use o f  the g u in e a -p ig  as a p o s s ib le  
s u b s t i t u t e  f o r  the  p ig  in exper imenta l  Oesophaqostomum 
i n f e c t i o n s  was examined. I t  was d iscovered  t h a t  l a rva e  
would invade the i n t e s t i n a l  mucosa and t h a t  those remain­
ing at  t h i s  s i t e  formed the nucleus f o r  nodule fo rm a t io n .
Others m ig ra ted  f u r t h e r  to the  mesente r i c  lymph nodes, 
per i toneum and l i v e r .  The worms n e i t h e r  grew nor moulted 
even though many remained a l i v e  f o r  48 days. The behav iour  
o f  Oesophaqostomum in the  g u in e a -p ig  thus d i f f e r s  f rom th a t  
no rma l l y  d is p lay e d  in the n a tu ra l  host .
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AN HISTORICAL BACKGROUND AND REVIEW OF THE LITERATURE
(A) HISTORY
0 .1 .  Recent H i s t o r y
A f t e r  t h i r t y  years o f  n e g l e c t ,  a renewed I n t e r e s t  in 
the  s u b je c t  o f  p o r c in e  h e l m i n t h i a s i s  was generated in the  
e a r l y  p a r t  o f  the  n i n e t e e n - s i x t i e s .  Th is  r e v i v a l  was not  
spontaneous bu t  was d i c t a t e d  by economic and commercial  
p ressures .  The f i n a n c i a l  s t r u c t u r e  o f  the  p ig  in d u s t r y  
was chang ing.  More c a p i t a l  investment was needed y e t  
p r o f i t  margins were becoming ever  s m a l l e r .  Successfu l  
bus iness depended more and more on the e x t r a c t i o n  o f  the 
maximuqi p r o f i t  f rom each p ig .  In o rd e r  to  a t t a i n  the  
h ig h e s t  p r o d u c t i v i t y ,  every  f a c t o r  t h a t  m igh t  i n f l u e n c e  
th e  v i a b i l i t y ,  g r o w t h - r a t e  o r  food conve rs ion  r a t i o  o f  
growers and f a t t e n e r s  had to  be taken i n t o  c o n s i d e r a t i o n .  
The Pig I n d u s t r y  Development A u t h o r i t y  undertook  to  
s t i m u l a t e  and c o - o r d i n a t e  research  in the  f i e l d s  o f  p ig  
husbandry,  g e n e t i c s ,  economics and v e t e r i n a r y  sc ien ce .
T h is  o r g a n i s a t i o n  was a b le  to  take  advantage o f  the  
f a c t  t h a t  more e x p e r t i s e  cou ld  be devoted to  t o p i c s  
f o r m a l l y  o f  l e s s e r  importance now t h a t  many o f  the  major  
p ig  d iseases such as foo t -a n d -m o u th ,  swine f e v e r ,  
e r y s ip e l a s  e t c .  had been e ra d i c a te d  o r  c o n t r o l l e d .  A
number o f  p r o je c t s  i n c l u d i n g  t h a t  re p o r te d  w i t h i n  these  
covers were the re by  promoted w i t h  the  o b j e c t  o f  d e f i n i n g  
the s i g n i f i c a n c e  o f  nematode i n f e s t a t i o n s  to  the  p ig  
i n d u s t r y .
in  a d d i t i o n ,  the  advent  o f  the  broad-spec trum 
a n t h e l m i n t i c s  c re a ted  a s i t u a t i o n  whereby h i g h l y  a c t i v e  
p roduc ts  were made a v a i l a b l e  b e fo re  s u f f i c i e n t  knowledge 
had accumulated to  enable  them to  be used in the  most 
e f f e c t i v e  manner. I t  was, t h e r e f o r e ,  in the  i n t e r e s t  o f  
a s e c to r  o f  the  pharmaceut ica l  I n d u s t r y  to  encourage 
academic and a p p l i e d  s tu d ie s  I n to  the  b io l o g y  and patho­
genesis o f  each p a r a s i t e  in o r d e r  t o  e l u c i d a t e  the  bene­
f i t s  o f  t re a tm e n t  and to  p ro v id e  a r a t i o n a l  bas is  f o r  the  
p la nn in g  o f  t h e r a p e u t i c  programmes.
In t h i s  way, a number o f  independent  I n v e s t i g a ­
t i o n s  were i n i t i a t e d  s im u l ta n e o u s l y  in d i f f e r e n t  p a r ts  
o f  the  Un i ted  Kingdom, The ma jo r  d e f i c i e n c i e s  in the  
B r i t i s h  l i t e r a t u r e  were obv ious  and as a r e s u l t  a 
c e r t a i n  amount o f  d u p l i c a t i o n  o f  work took  p lace ,
t h e r e  being r e g r e t t a b l y  l i t t l e  communicat ion o r  co -o pe ra ­
t i o n  between i n t e r e s t e d  p a r t i e s .  In g e n e ra l ,  however,  
the  sepa ra te  p r o j e c t s  were compl imenta ry  and exper iences  
gained f rom each cou ld  be used in  the  des ign o f  subsequent  
exper im en ts .  A consequence o f  t h i s  mode o f  development is  
an o ccas iona l  d i v e r s i o n  f rom the  a p p a re n t l y  l o g i c a l  
p ro g re s s io n  o f  argument and exper imen t  in  t h i s  t h e s i s .
0 .2 .  Early His tory
I t  is  s t ra ng e  to  t h i n k  t h a t  these  s tu d ie s  a re  the 
most recen t  o f  a success ion  o f  c l i n i c a l  and p h i l o s o p h i c a l  
t r e a t i s e s  t h a t  s t a r t e d  t h r e e  thousand years ago in  
t w e n t i e t h  dynasty  Egypt  (Cheng, 1964). The o b s e rv a t io n s  
o f  the  a n c ie n ts  were l a r g e l y  ce n t re d  around A s c a r i s  
because o f  i t s  la rg e  s i z e .  T a f f s  (1961, 1966) has 
c o n t r i b u t e d  a comprehensive rev iew  o f  the development 
and p resen t  s t a t e  o f  ou r  knowledge o f  a s c a r i a s i s .
Though i t  is  n a tu ra l  t h a t  t h i s  a e s t h e t i c a l l y  repugnant  
p a r a s i t e  shou ld  have dominated the  a t t e n t i o n  o f  farmers 
and v e t e r i n a r i a n s  ove r  the  ages,  t h i s  t h e s i s  is  
p r i m a r i l y  concerned w i t h  the  g a s t r o - i n t e s t i n a 1
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j s t r o n g y l a t e  genera Oesophagestomum and H y o s t ro n g y lu s .
(B) OESOPHAGOSTOMUM SPP.
0 . 3. ' .The A d u l t
Oesophaqostomum dentatum from the  p ig  was d iscove re d  
by Rudolph I ^ 1803) .  Krabbe, in  an undated manuscr ip t  
f rom the  l a s t  c e n tu r y ,  s t a t e s  h i s  b e l i e f  t h a t  the  
oesophagostomes o f  Danish p ig s  a re  the  l a r v a l  s tages 
o f  Stephanurus den ta tus  and expresses h is  s u r p r i s e  a t  
not  being  a b le  to  f i n d  the  a d u l t  k idney  worm in  Denmark. 
O s te r ta g  and G i t ,  in  Germany, r e a l i z e d  t h a t  the  r o d - l i k e  
I nematodes In the  p o r c in e  caecum and co lon  were the  f i n a l
I s tage  o f  a p a r a s i t e  whose la rv a e  l i v e d  In the  mucosa
I p rovok ing  n odu la r  s w e l l i n g s  ( O l t ,  I 898) .  S t i l e s  and
i  Hassa l l  (T920) record  t h i s  p a r a s i t e  as the  type  spec ies
j o f  the genus. The f i r s t  d e t a i l e d  d e s c r i p t i o n s  o f  i t s
I morphology were made by Goodey (1924, 1926).
Oe. dentatum is  a b u rs a te  nematode be lon g ing  to  the 
s u p e r f a m i l y ,  S t ro n g y lo id e a .  The females measure I I  -  
l 4  mm. In l e n g th  by 0 . 4 - 0 . 5  mm. in  b re ad th ,  w h i l s t  the 
males a re  s m a l l e r :  8-10  mm. x 0 . 2 - 0 . 3  mm. The c u t i c l e
is  t r a n s v e r s e l y  s t r i a t e d  and i n f l a t e d  a n t e r i o r l y  to  form 
a mouth c o l l a r  w i t h  s i x  c i r c u m o ra l  p a p i l l a e  and a c e r v i c a l  
v e s i c l e  wh ich  is  te rm in a te d  a t  a p o i n t  o n e - t h i r d  o f  the 
way a long  the  oesophagus by the c e r v i c a l  groove.  This 
l a t t e r  s t r u c t u r e  is  w e l l  developed v e n t r a l l y  bu t  becomes 
more s h a l lo w  l a t e r a l l y  and d isappears  on the  do rsa l  su r fa ce .  
C e rv ic a l  p a p i l l a e  are  p re sen t  be ing  found a lmost  le v e l  w i t h  
the  p o s t e r i o r  end o f  the  oesophagus. The mouth is  c e n t r a l l y  
p laced and leads i n t o  the  mouth capsu le  wh ich  c o n s i s t s  o f  a 
r i n g  o f  c u t i c u l a r  m a t e r i a l .  To t h i s  is  a t ta ch ed  the 
e x te r n a l  l e a f  crown composed o f  n in e  la rg e  t r i a n g u l a r  u n i t s  
and the  i n t e r n a l  l e a f  crown made up o f  18 s m a l l e r  s t r u c t u r e s .  
Two la rg e  c e r v i c a l  g lands a re  ve ry  conspicuous e x ten d ing  
back as f a r  as the  gonads.
Two f e a tu r e s  o f  the  male a re  p a r t i c u l a r l y  u s e fu l  f o r  
s p e c i f i c  i d e n t i f i c a t i o n :  the  s p i c u le s  and the  gubernaculurn. 
The a n t e r i o r  ends o f  the  long f e a t u r e l e s s  and p l i a b l e  
s p i c u le s  a re  expanded a t  r i g h t  ang les  to  the  lo n g i t u d o n a l  
a x i s .  The p o s t e r i o r  e x t r e m i t i e s  t e r m in a te  in  a f i n e  
rounded p o i n t ,  b u t  j u s t  a n t e r i o r  to  t h i s  is  a smal l
membranous wing. The to t a l  length is 1 .15 -1*3  mm. The 
gubernaculurn is shaped l i k e  a garden trowel wi th the 
handle and blade each o f  the same length.  The female  
t a i l  is s t r a ig h t  and tapers to a point .  The anus is 
s i tu a te d  0 .35 mm. from the t i p  o f  the t a i l  and the 
vulva 0 . 36 - 0 . 3 8  mm. in f r o n t  o f  th is .  Goodey's descrip*  
t io n  was so d e ta i le d  and accurate  tha t  few addi t ions  
have since been made. Tarzcinski  (1955) comments on 
small d e t a i l s  concerning the g e n i ta l  cone and 
Zakhryalov (1956) describes v a r ia t io n s  in the shape and 
pos i t ion  o f  the .female sex organs, the shape o f  the 
dorsal ray o f  the bursa and the s iz e  o f  the spicules  
and gubernaculum. An extensive  account o f  the nervops 
system has been contr ibuted  by Ramlsz (1966)..
Four other  species are  known to occur in the  
domestic pig.  Oe. quadrispinulatum. o r i g i n a l l y  d is ­
covered by Marcone (.1901), was described f u l l y  by 
Goodey (1925) under the name Oe. lonqicaudum. That  
these two designations referred to the same p a ra s i te  
was demonstrated by A l i c a t a  (1935a). The males o f
t h i s  spec ies have s h o r t e r  s p i c u le s  (0 .9 1 -0 .95  mm.) 
and the  hand le  o f  the  gubernaculum is  o n l y  one h a l f  
as long as the  b lade .  The female  t a i l  is  longer 
(0 . 38- 0 .46 mm.) and the  a n t e r i o r  p a r t  o f  the 
oesophagus o f  bo th  sexes i s  expanded. Other 
m orpho log ica l  d e s c r i p t i o n s  o f  t h i s  spec ies have 
been g iven  by Ozerka ja  (1930),  L inzcano Herre ra  
( 1958),  Schmeer (1958),  Popova (1958),  Diaoure  
(1964) and Costa (1965)- A d d i t i o n a l  d e t a i l s  f o r  
i d e n t i f i c a t i o n  have been g iven  by Schwartz and 
A l i c a t a  (1930) and Haupt (1966). A b e r ran t  forms 
are  d esc r ibed  by S p in d le r  (1932a).
Oe. brevicaudum and Oe. georgianum were 
d iscovered  by Schwartz and A l i c a t a  (1930).  The 
fo rmer has 14-16 and 28-32 e lements in  the e x te rn a l  
and i n t e r n a l  l e a f  crowns,  o t h e r  mouth s t r u c t u r e s  
being  l i k e  Oe. q u a d r i s p in u l a t u m : s p i c u le s  and 
gubernaculum l i k e  Oe. dentatum and female t a i l  
measur ing no more than 81-120 p, long.  Th is species 
was d esc r ibed  by Maplestone (1930) under the name
o f  Oe. suis (Schwartz, 1931)• Oe, georgianum d i f f e r s  
from Oe. dentatum in the shape o f  the gubernaculum (the  
handle is short  and tw is ted) and the female t a l l  is 
shorte r  (217 p) possessing a d i s t i n c t  convex!ty on the 
terminal  p a r t  o f  the v en t ra l  surface.  F i n a l l y ,
Oe. conicum, renamed Oe. mapleston! by Schwartz (1931),  
lacks a cephal ic  v e s ic le  (Maplestone, 1930).
Three o th e r  new spec ies  have been c la im ed  but t h e i r  
v a l i d i t y  has no t  y e t  been con f i rm e d .  Oe, g ra n a te n s is  
has a l a rg e  c e p h a l i c  v e s i c l e  w i t h  l a rg e  c e r v i c a l  
p a p i l l a e  more a n t e r i o r l y  p laced  than in  Oe. denta tum.
The spicules and female t a i l  are a l i t t l e  shorter  
(1 ,010 -1 ,100  |i and 250-350  |j, re sp e c t iv e ly )  than in the 
l a t t e r  species (Linzcano Herrera ,  1958). The body 
lengths o f  the specimens that  he examined were, however, 
ra ther  shorter  than normal and i t  is possible  tha t  these  
may have been immature Oe. dentatum or  aberrant forms 
that  had developed in an unfavourable environment.  
Linzcano Herrera does not s ta te  how many examples o f  the  
new species he found or how many pigs were in fected .  No
more recen t  re p o r t s  o f  i t s  d i s c o v e ry  have been made f rom 
Spain o r  e lsewhere.
Oe. h s iunq i  is  a new spec ies  t h a t  resembles 
Oe. map les ton i  in  t h a t  i t  has no c e p h a l i c  v e s i c l e .  Since 
the  c h a r a c t e r i s t i c s  o f  t h i s  p a r a s i t e  have o n l y  been 
p ub l i s h e d  In Chinese (L in g ,  1959), i t  is  d i f f i c u l t  to  
dec ide  whether o r  not  these two spec ies a re  synonymous. 
Oe. r o u s s e lo t i  has 30-32 e lements In the  e x te rn a l  l e a f  
crown and 60-64  in  the  i n t e r n a l .  I t  a l s o  has e x t rem e ly  
long s p i c u le s  (2 .3  mm.) and a heart -shaped  gubernaculum 
(D iaoure ,  1964).
Numerous o th e r  Oesophaqostomum spec ies  have been 
recovered f rom o th e r  members o f  the  genus Sus, bu t  these 
a re  not  r e l e v a n t  to  the  p re sen t  d i s c u s s io n .
0 .4 .  Geographical  D i s t r i b u t i o n
Oe. dentatum is  u b iq u i t o u s  being  recorded f rom a l l  
p a r t s  o f  the  w o r ld  where records  are  a v a i l a b l e .  I t  has 
been recovered f rom the  peccary bu t  is  o th e rw is e  c o n f in e d  
to domest ic  and w i l d  p ig s .  Oe. q u a d r I s p in u la tu m  is
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d is t r ib u te d  almost as widely  although i ts  occurrence  
tends to be more sporadic.  I t  is , found in North and 
South America,  the Far East,  the U .S .S .R . ,  the P a c i f i c  
Is lands,  A f r i c a  and Europe (Goodey, 1925; Schwartz, 1925; 
Kot lan,  1948; Popova, 1958; Costa, 1965a; Diaouré,  1964; 
et mul t i  al l a ) . In the United S ta tes ,  i t  is more common in 
the southern than in the more northern s ta tes  (Schwartz,  
1931), as are Oe. brevicaudum and Oe. georgianum. The 
l a t t e r  species appears to be r e s t r i c t e d  to that one 
l o c a l i t y ,  but Oe. brevicaudum is knoWn to occur on the  
Indian sub-cont inent (Maplestone,  1930; Alwar,  1958) 
so that i ts  d i s t r i b u t i o n  may be greater  than a t  present  
suspected. Kotlan (1956) makes casual reference to the 
contamination o f  his Oe. dentatum cu l tures  with  
Oe. brevicaudum larvae.  As fa r  as is known, Oe. maplestoni  
Is confined to In d ia ,  Oe. granatens/Ts to Spain,  Oe. hsiunqi  
to China and Oe. rousse lot i  to the Congo.
In B r i t a i n ,  Morgan (1924) found two o f  17 pigs to be 
Infected with Oe. dentatum; Jones (1926) two o f  19; Lewis
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(1930) one o f  62;  Wh i te  (1955) 4? o f  53 and Jenkins  and 
Erasmus (1963) seven o f  27.
0 . 5 . Larval  Stages
The la rva e  hatch  f rom t y p i c a l  ' s t r o n g y l e '  eggs 
passed in the  faeces o f  the  hos t .  These c o n ta in  2-16 
c e l l s  and measure a pp ro x im a te ly  68 x 36 p ( A l i c a t a ,
1935b; Supperer ,  1955; W h i te ,  1955). The inner  w a l l  o f  
the  ovum has se ve ra l  d i s c r e t e  t h i c k e n in g s  (Honer, 1967)- 
I t  is  im poss ib le  to  d i f f e r e n t i a t e  the  eggs o f  Oe. dentatum 
and Oe. q u a d r i s p in u la tu m  (Haupt ,  1966).
The f i r s t  la rv a e  w i l l  be found 23 hours a f t e r  
d e p o s i t i o n  i n t o  an env i ronm en ta l  tempera tu re  o f  22-24°C. 
Th is  r h a b d i t i f o r m  j u v e n i l e  has a long p o in te d  t a i l  t h a t  
accounts f o r  o n e - q u a r te r  o f  i t s  t o t a l  body le n g th  wh ich  
is  304-433 p. The bucca l  c a v i t y  is  long w i t h  p a r a l l e l  
rod-shaped w a l l s  (Goodey, 1924; A l i c a t a ,  1935b).
In a f u r t h e r  27 hours,  the  f i r s t  ecdys is  takes p lace.  
The second s tage la rv a  Is v e ry  much l i k e  i t s  p redecessor  
but  measures up to  655 p. The nex t  mou l t  occurs  a f t e r  the
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123rd hour. The c u t i c l e  o f  the second stage is re ta ined  
and forms numerous wel l  def ined fo lds  when the body Is 
bent during locomotion. The o r i g i n  o f  the s h e a t h - t a i l  
has a small s o l id  enlargement (Honer, 1967). The larva  
is 660 -6 70  p long including the sheath,  or 500-532 p 
without.  The head has small l a t e r a l  depressions p o s te r io r  
to which are s ix  protruberences. The t a l l  has a conical  
end bearing a c h a r a c t e r i s t i c a l l y  pointed t i p  (Goodey, 1924; 
A l i c a t a ,  1935b; Kotlan and Vajda, 1939; White, 1955; 
Pogrebnyak, 1962). The la rva l  t a i l  measures 43-46 p in 
Oe. dentatum and 50 p in Oe. quadrispinulatum (Haupt, 1966)
Goodey (1924) and A l i c a t a  (1935b) a lso  observed the  
behaviour o f  the ensheathed t h i r d  stage larvae.  They move 
comparatively s luggish ly  w i th  a sinuous motion and do not 
attempt to swim or to climb. They w i l l  remain a l i v e  fo r  
ten months i f  kept moist but desiccation w i l l  k i l l  some 
In as l i t t l e  as 22 hours. Freezing a t  -15^C fo r  one month 
is l e t h a l .  The larvae w i l l  not penetrate  unbroken skin.
The p a r a s i t i c  phase o f  the l i f e - c y c l e  commences when 
the t h i r d  stage larva is swallowed. Exsheathment is
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f o l l o w e d  by p e n e t r a t i o n  o f  the  w a l l  o f  the  caecum o r  co lon .  
Here,  the  f i r s t  p a r a s i t i c  mou l t  takes p la ce  f o u r  to  f i v e  
days a f t e r  i n f e s t a t i o n  and the  emergent  la rva e  beg in  t h e i r  
r e t u r n  to  the  lumen o f  the  i n t e s t i n e  on the s i x t h  day 
(K o t Ia n ,  1948; Shorb^ 1948),  a l t h o u g h  a p r o p o r t i o n  are  
i n h i b i t e d  in  t h e i r  development (Shorb and Shalkop,  1959)* 
The s t r u c t u r a l  changes t h a t  take  p la ce  f o l l o w  the  sequence 
usual f o r  the  S t ro n g y lo Id e a .  The f o u r t h  s tage la r v a  Is 
r e c o g n is a b le  because o f  the  la rg e  r e c ta n g u la r  p r o v i s i o n a l  
buccal  capsu le .  The female t a i l  lengthens w h i l s t  t h a t  o f  
the  male,  s t i l l  w i t h o u t  a bursa ,  sho r tens .  The g e n i t a l  
p r imord ium s lo w ly  deve lops i n t o  the  gonads and a s s o c ia te d  
organs.  D e t a i l e d  accounts o f  the  t r a n s i t i o n a l  process 
c u lm in a t i n g  in the  f o r m a t i o n  o f  the  fe a tu re s  c h a r a c t e r i s t i c  
o f  the  a d u l t  worm a f t e r  the  second p a r a s i t i c  m ou l t  on the  
2 0 th “ 30th day have been p ro v id e d  by Goodey (1926) and 
Kot Ian  (1948).
The p re p a te n t  p e r io d  o f  the  p ig  oesophagostomes is  
g e n e r a l l y  acknowledged to  be f i v e  to  seven weeks, bu t  
r e c e n t l y  N icke l  and Haupt (1964) and T a f f s  (1966, 1968a)
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have noticed a small t r a n s i t o r y  shedding o f  ova a t  about 
21 days a f t e r  experimental  in fe c t io n .  Supperer (1955)  
has observed p o s i t iv e  egg-counts I n . p i g l e t s  26 days old.
Thi rd  stage larvae can be induced to exsheath and 
moult twice in v i t r o  to a t t a i n  the f i f t h , s t a g e  o f  t h e i r  
development (vide review by Taylor and Baker, 1968).
0 .6 .  Ecology of  Free-L iv ing  Forms
No pub l ica t ions  e x is t  descr ib ing the ecology o f  the 
f r e e - l i v i n g  stages o f  the oesophagostomes o f  pigs under 
B r i t i s h  condit ions.  Spindler  (1933a) has, however, 
conducted extensive  studies in the s ta te  o f  Georgia,  
U.S.A. He found th a t  the larvae were k i l l e d  in a l l  
areas exposed to d i r e c t  sun l igh t  and desiccat ion ,  but 
tha t  numerous i n f e c t i v e  forms could be recovered from 
any cool,  damp s i t u a t io n  including the ground beneath 
trees or huts. The worms could r e ta in  t h e i r  v i a b i l i t y  
under faecal  p i le s  even in the h o t te s t ,  most exposed 
places.  In cooler areas,  larvae could be recovered up 
to 30 cms. from the dung-pat. Wind, ra in  and moving 
creatures were responsible fo r  th is  dispers ion,  w h i ls t
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o n ly  the  p igs themselves cou ld  have c a r r i e d  i n f e c t i v e  
m a te r ia l  i n to  the  p i g - h u t s  as faeces were no t  d epo s i ted  
in these .  The degree o f  i n f e s t a t i o n  was r e l a t e d  to  the  
feed ing  regime. The more the  p igs  were encouraged to  
r o o t  about  f o r  food ,  the  h e a v ie r  the  worm burdens. 
P lough ing and r e - c r o p p i n g  were co m p le te ly  e f f e c t i v e  f o r  
r i d d i n g  the  ground o f  i n f e c t i o n .  Morgan and Hawkins 
( 1949) s t a t e  t h a t  the  l a r v a e  can s u r v i v e  in the  f i e l d  
f o r  a t  l e a s t  14 months, a l t h o u g h  the  source o f  t h i s  
i n fo r m a t i o n  is  obscure .  The f r e e - l i v i n g  la rva e  on 
s o i l  may be k i l l e d  by the  a p p l i c a t i o n  o f  sodium b o r a te  
a t  a ra te  o f  5 lb .  per 100 square f e e t  (A1 i c a t a ,
1955).
On the  bas is  o f  h i s  e x p e r ie n c es ,  S p in d le r  (1933a) 
b e l ie v e d  t h a t  an Oesophaqostomum- f r e e  herd cou ld  be 
e s ta b l i s h e d  by p r a c t i c i n g  a m o d i f i e d  form o f  the 
M'Clean County swine s a n i t a t i o n  system. Th is  method 
was intended f o r  the  c o n t r o l  o f  Ascar is and Stephanurus 
and invo lved  the  t re a tm e n t  o f  the  sow w i t h  an a n t h e l m i n t i c  
b e fo re  p a r t u r i t i o n .  She was then washed and scrubbed and
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placed in a d is in fe c te d  farrowing pen. Ten days a f t e r  
the pigs were born, the dam and l i t t e r  were transported  
to a non-infected f i e l d  surrounded by an unplanted 
border.  The feeding troughs, watering tanks and huts 
were so placed that most o f  the dung and ur ine  would 
be deposited on bare ground where the hot sun would 
soon destroy helminth eggs and larvae.
El R a fa l i  (1962) presents experimental  evidence to 
show tha t  the earthworm and cockroach may act as 
" in te rm ed ia ry  vectors'* for  Oesophaqostomum spp. o f  the  
pig.  These inves t iga t ions  were conducted without  
contro l  animals and the p o s s i b i l i t y  tha t  the e x p e r i ­
mental pigs had acquired natural  in fect ions  cannot,  
th e re fo re ,  be excluded. This work must be confirmed 
before the resu l ts  can be f u l l y  accepted.
0 .7 -  Populat ion Dynamics
Aspects o f  th is  subject  have been studied in depth 
by Tarcz lnsk i  (1961).  He compared the s t ru c tu re  o f  
Oe. dentatum populations from domestic pigs and wild  
swine. Only small numbers o f  th is  nematode species were
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found in the 11.7% o f  the fe ra l  pigs that c a r r ie d  in fec­
t io n .  On the other hand, large in festa t io ns  were 
f requently  encountered in the domesticated animals,  75% 
o f  which were p a ra s i t i z e d .  Such in fect ions could reduce 
the growth-rate  o f  the host by 10-60%. Ca lculat ions  
based on the length and breadth o f  the worms showed that  
a populat ion s ize  o f  51-100 Oe. dentatum seemed to be 
optimal for the growth o f  the p a ras i te .  More ova were 
produced by the members o f  small than large populations  
and the highest egg-counts were recorded in the warmer 
months o f  the year ( A p r i 1-O ctober ) .  The domesticat ion  
o f  the pig,  by a l t e r i n g  the physiology o f  the host and 
the nature o f  the externa l  environment,  has created  
conditions more favourable to the paras i te  i . e .  the 
h o s t -p a ra s i te balance has been disturbed to the d e t r i ­
ment o f  the host.
The same a u th o r  ( T a r c z i n s k i ,  1955) noted t h a t  
Oe. dentatum is less  p r e v a le n t  in p igs s u f f e r i n g  f rom 
swine fe v e r  than in h e a l t h y  s t o c k ,  presumably because 
the  i n t e s t i n a l  env i ronment is a l t e r e d .  Th is  e x p la n a t i o n
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may also account for an observation made by Spindler  
and Zimmerman, (1944).  ;They. were able  tô. el Imlüiàte . 
worm p a ras i te s ,  including Oesophaqostomum spp. from the  
pig by wi thhold ing so l id  food for  three to f i v e  days 
and feeding skim-mi1k ad I ib i tu rn . Growing pigs remained 
r e l a t i v e l y  f re e  o f  paras i tes  i f  skim-miIk was fed once a 
day. I t  should be noted, however, tha t  skim-miIk has 
been the most important item o f  the ra t ion  given to 
Scandinavian pigs for  many years,  but oesophagostomes 
are s t i l l  f requently  encountered.
0 .8 .  Patho logy
Entry o f  the larvae into the in te s t in a l  mucosa 
occurs only in the caecum and colon,  the s i t e  o f  entry  
being marked by petech ia t ion .  La te r ,  small nodular  
lesions develop on the luminal surface o f  the in te s t in a l  
w a l l .  In the case o f  Oe. dentatum, these take the form 
o f  a f l a t  e le va t io n  which does not become conspicuous 
u n t i l  a f t e r  the s ix th  day o f  i ts  development. A f t e r  
la rv a l  emergence, the lesion is " l e n t i 1 - s i z e d "  and 
umbil icated,  sometimes wi th a plug o f  caseous materia l
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( K o t l a n ,  1948).  The le s io n  takes s i x  to  seven weeks to  
regress  ( K o t l a n ,  1956).  The nodules formed by Oe. brevicaudum 
a re  a l i t t l e  l a r g e r  and are  accompanied by a s l i g h t  inf lamma­
t i o n  o f  the  t i s s u e s  a t  the  edge o f  the  l e s io n  (S te w a r t  and 
Beck lund,  1957).  Ten-day o l d  Oe. q u a d r i s p I  n u latum l e s io n s  
are  2 mm. h igh  by 5 mm. broad w i t h  a c e n t r a l  depressed area 
and a marked in f la m m ato ry  zone around each ( S p i n d l e r ,  1933). 
H i s t o l o g i c a l l y ,  the  l a t t e r  a u th o r  observed the  d e p o s i t i o n  
o f  a homogenous e o s i n o p h i l i c  substance around the la rva e  
w i t h i n  48 hours o f  i n f e c t i o n  w i t h  a ssoc ia te d  " i n t e n s e  
in f la m m a t ion "  and " e x t e n s i v e  l i q u i f a c t  ion o f  the  t i s s u e s " .
A t  ten days,  the  nodules co n ta in ed  "a  mass o f  f i b r i n ,  
coagu la ted  serum and c o n n e c t i v e  t i s s u e  c e l l s "  and by the 
17th  day the  c y s ts  l e f t  by emergent  worms had become f i l l e d  
w i t h  leucocy tes  and c o n n e c t i v e  t i s s u e .  Only scar  t i s s u e  
remained on Day 35. T a f f s  (1968a) does not  share the  v iew 
t h a t  the nodules d isappear  so q u i c k l y  as he f r e q u e n t l y  
found nodules 55 days a f t e r  exper im en ta l  i n f e c t i o n s ,  Shorb 
(1948) gave p igs  pure c u l t u r e s  o f  Oe. dentatum o r  o f  
Oe. q u a d r Î s p i n u l atum but  does not  reco rd  any d i f f e r e n c e s  
in the  p a th o l o g i c a l  e f f e c t s  o f  the  two spec ies .  The gross
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pathology in Shorb's ser ies  var ied with  the number o f  
larvae  administered.  Thus, w i th  less than 1,000 the  
mucosa became s l i g h t l y  hyperaemic; w ith  10,000-130,000  
there  was hyperplasia  o f  the local  lymph nodes, oedema 
o f  the meso-colon, th ickening o f  the in te s t in a l  wal l  
and widespread haemorrhages. In the la rg er  In fe c t io n s ,  
the mucosa was sometimes covered by a d i p h t h e r i t i c  
membrane, a fe a tu re  a lso noted by other  workers 
(Schwartz,  1931; Kot lan,  1956; Nickel  and Haupt, 1964).  
Schwartz (1931) considered tha t  nodules may become 
ulcerated and invaded by micro-organisms, w h i ls t  Kotlan  
(1956) and Nickel  and Haupt (1964) describe the onset  
o f  b a c t e r ia l  disease exacerbated by Oesophaqostomum 
invas ion.
Goodey (1926) was unable to f ind  any nodular lesions  
in exper imental ly  or n a t u r a l l y  Infected pigs. In view 
o f  the other  studies reported above, i t  would seem th a t  
th is  author was mistaken even though his conclusion Is 
supported by Kouno and Niimi (1953) .  Kotlan (1948)  
c h a r i ta b ly  suggests tha t  the lesions had regressed in the
an ima ls  examined by Goodey, The l a t t e r  a u th o r ,  however,  
s t a t e s  t h a t  he was unab le  to  see "any  s ign  o f  i n t e s t i n a l  
nodules such as are  produced by 0,  columbianum in sheep 
and goats and 0. ra d ia tum  in c a t t l e " .  Th is  im p l ies  t h a t  
he was search in g  f o r  the  p r o t r u d in g  subserosal  l e s io n s  
and d id  not  su rvey the  lumina l  s u r fa c e  o f  the i n t e s t i n e .  
G ro ss ly ,  Oe. dentatum nodules resemble to  some e x te n t  
the  lymphoid ag g re g a t io n s  t h a t  can be found in non­
p a r a s i t i z e d  p igs  and t h i s  may p ro v id e  an a l t e r n a t i v e  
e x p la n a t i o n  f o r  the  anomalous o b s e r v a t i o n s ,  as w e l l  as 
f o r  A h l u w a l i a ' s  o p i n i o n  ( I 96O) t h a t  the  t h i r d  s tage 
la r v a e  o f  the  genus in q u e s t io n  s e l e c t  l y m p h a t ic  t i s s u e  
f o r  t h e i r  s i t e  o f  p e n e t r a t i o n .
L i t t l e  is known o f  the  f ee d ing  h a b i t s  o f  
Oesophaqostomum. Wetzel (1934) s t a te s  t h a t  the  a d u l t  
worms cause a c h r o n i c  c a t a r r h  o f  the  mucosa and 
a p p a re n t l y  use the  p roduc ts  o f  in f la m m at ion  to  s a t i s f y  
t h e i r  d i e t a r y  needs. T a f f s  and. Davidson (1967), however, c l  a Im to 
have shown the  presence o f  b lood in the i n t e s t i n e  o f  
the  nematodes by means o f  the  b en z id in e  t e s t .
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A l i c a t a  (1934) infected four guinea-pigs wi th 3,000  
larvae.  He observed nodules scattered throughout the 
w al ls  o f  the caecum, colon and r a re ly  the small in tes t ine .  
Two four th stage larvae were recovered from the.mucosal  
lymph f o l l i c l e s .  In a fu r th e r  experiment during which a 
ra bb i t  was infected .with Oe. dentatum, one larva was 
recovered from the l i v e r .
0 . 9 . Cl in ica l  Aspects
The e a r ly  American authors were p r im a r i ly  concerned 
about the economic damage caused by the presence o f  
lesions In the in te s t in a l  w a l l .  The t issues o f  the 
d ig e s t iv e  t r a c t  were needed for human consumption, but 
i f  badly a f fec ted  by Oesophagostomum nodules, were o ften  
condemned on a es th e t ic  grounds (Schwartz,  1931).
In B r i t a i n ,  81 isset and L i t t l e  (1930) a t t r i b u t e d  two 
deaths in pigs to heavy Oe. dentatum in fe c t io n s ,  but 
Cameron (1933) does not consider th is  pa ra s i te  to be o f  
any pra ct ic a l  s ig n i f ic a n ce .  The modern opinion is tha t  
Oesophagos tomum does not o f ten  cause over t  disease in the
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Un i ted  Kingdom but  t h a t  i t  is p robab ly  assoc ia te d  w i t h  
reduced p r o d u c t i v i t y  measured in terms o f  l î v e - w e i g h t  
ga ins  o r ,  perhaps,  sow f e r t i l i t y  ( T a f f s ,  1969; e t  m u l t i  
a 1 i a ) . Some European a u th o rs  b e l i e v e  t h a t  Oesophaqostomum 
spp. may provoke ou tb reaks  o f  d isease  caused by Salmone]1 a 
c h o l e r a e - s u ! s ( K o t l a n ,  1956; N icke l  and Haupt , 1964) o r  
p a n to th e n ic  a c id  d e f i c i e n c y  (Oak ley ,  1965a, 1965b).
A r t i f i c i a l  i n f e c t i o n  may o r  may not  produce c l i n i c a l  
d isease .  N icke l  and Haupt (1964 ) ,  f o r  example,  found th a t  
a c h a l le n g e  w i t h  up to 11,000 la rv a e  caused no n o t i c e a b l e  
e f f e c t ,  but  i f  20,000 o r  more were used th e re  was a marked 
dep ress ion  o f  a p p e t i t e  and w e ig h t - g a in ,  T a f f s  (1966),  
r e p o r t i n g  the  e f f e c t s  o f  a d m i n i s t r a t i o n  o f  30,000 l a r v a e ,  
de sc r ibe s  a n o re x ia ,  r e t a r d a t i o n  o f  the g r o w t h - r a t e ,  loosen­
ing o f  the  faeces o r  d ia r rh o e a  w i t h  a s soc ia ted  f l e c k s  o f  
b lood and mucus. Shorb (1948) a dm in i s te re d  between 1,000 
and 130,000 la r v a e  and noted a pp ro x im a te ly  the  same 
symptoms a l t ho u gh  some o f  h i s  an imals  were c o n s t i p a te d .
The w o rs t  a f f e c t e d  became emaciated and d ied .
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0 .1 0 ,  Epidemiology and Immunity
The resu l ts  o f  a large  number o f  German surveys ( r e ­
viewed in Chapter 1 o f  th is  th e s is )  have shown tha t  breed­
ing pigs are o f ten  more heav i ly  infested with  Oesophagostomum 
than immature pigs.  In the United Kingdom, B1 isset and 
L i t t l e  ( 1930 ) noted t h a t ,  on the one farm they inves t iga ted ,  
the sows and suckl ing pigs shed large  numbers o f  's t ro n g y le '  
eggs in the faeces,  w h i ls t  egg-counts o f  seven to ten-week 
old fa t te n e rs  were very low. This p ic tu re  would suggest 
that any acquired immunity tha t  may be b u i l t  up by the young 
pig is o f  l i t t l e  functiona l  s ig n i f ic a n c e  l a t e r  in l i f e .
Nickel  and Haupt (1964) gave m u l t ip le  doses o f  
Oesophaqostomum larvae  and concluded that  the las t  
challenge had taken the same course as a primary in fe s ta ­
t io n .  How they reached th is  opinion is not c le a r  from the 
te x t  o f  t h e i r  paper as they gave no d e t a i l s  o f  the c r i t e r i a  
they used for  d is t in g u is h in g  the sequelae o f  the f in a l  and 
e a r l i e r  in fec t io n s .  The f i r s t  in fec t ions  caused re ta rd a ­
t ion  o f  the g row th -ra te ,  whereas subsequent chal lenge did 
not.  There is, there fore ,  some evidence in t h e i r  data to
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suggest  t h a t  a p a r t i a l  immune response d i d ,  In f a c t ,  take 
p lace .
T a f f s  ( 1966) b e l i e v e s  t h a t  i n f e c t i o n  does provoke an 
immunity a l tho u gh  t h i s  may be smal l  and wane q u i c k l y .  In 
h is  expe r ie nce  r e i n f e c t i o n  is p o s s ib le  bu t  i t  does no t  
r e s u l t  in such l a rg e  egg-counts  o r  worm burdens as p r im ary  
i n f e c t i o n s .  He a ls o  found t h a t  exper im en ta l  r e i n f e c t i o n  
caused an e x p u ls io n  o f  the  e x i s t i n g  Oesophaqostomum popu la ­
t i o n .  Using th e  agar gel  d i f f u s i o n  t e s t  w i t h  a d u l t  worm 
a n t i g e n ,  a n t i b o d i e s  cou ld  be demonstra ted f rom the  36th 
day o f  i n f e c t i o n .  Soulsby (1958) c la im s  to  have demonstra­
ted the  presence o f  h e t e r o p h i l  a n t i b o d i e s  in the serum and 
faeces o f  e x p e r im e n t a l l y  i n f e c t e d  p ig s ,  daggers (1965) 
developed a sk in  s e n s i t i v i t y  t e s t  f o r  the  d ia g n o s is  o f  
M e tas t ron qy lus  i n f e c t i o n s  but  d isco ve red  t h a t  the  presence 
o f  Oe. dentatum caused f a l s e  p o s i t i v e s  to  occur ,
(C) HYOSTRONGYLUS RUBIOUS
0 .1 1 .  The A d u l t
Cl i n i c a l  p a r a s i t o l o g i s t s  regard H. rub idus  and
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Oesophaqostomum spp. c o l l e c t i v e l y  as the 's t rongy le  worms' 
o f  the pig.  This has come about because o f  the apparent  
s i m i l a r i t y  in the age incidences o f  these genera in the  
host species and because the ova o f  the two genera are  
almost id e n t i c a l .  In f a c t ,  the two nematodes have l i t t l e  
in common. H. rubidus is a member o f  the Tr ichostrongylo idea  
and bears the c h a r a c te r is t i c s  ty p ica l  o f  th is  sub-order.  I t  
is the only species w i th in  the genus and has previously  been 
ascribed to the genera Stronqy1 us, Haemonchus. Tr ichostronqylus  
and O ster taq la  (A1 ica ta ,  1935b). The genus Hyostrongylus was 
erected by Hal l  (1921).  The great s i m i l a r i t y  between 
Hyostrongylus and O ster taq ia  w i l l  become apparent during the  
course o f  th is  thes is .
The morphology o f  the a du l t  worm has been documented by 
Hassall and S t i l e s  (1892 ) ,  Hal l  (1921) and Goodey (1924).  I t  
is small and t h r e a d - l i k e  measuring 5 -7  x 0 . 09 - 0 .1 2  mm. (male)  
or 8 -9  X 0 .0 9 -0 .1  mm. ( fem ale ) .  The head has a small but 
d i s t i n c t  cephal ic  button and four circumoral  p a p i l l a e .  The 
cerv ica l  p a p i l l a e  point  backwards and are s i tua ted  0 . 4 - 0 . 6  mm. 
fnsm the a n t e r io r  ext remity .  The vulva ,  which may or may not
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be a ssoc ia te d  w i t h  a f l a p - l i k e  s t r u c t u r e ,  is found 1 . 5 - 1 7  mm, 
in  f r o n t  o f  the  anus,  which in t u r n  is 0 . 2 - 0 . 6 8  mm. f rom the 
t i p  o f  the t a i l .  The p o s t e r i o r  e x t r e m i t y  o f  the  body is 
rounded w i t h  th re e  c i r c u l a r  c u t i c u l a r  i n d e n ta t i o n s .
The bursa l  s t r u c t u r e s  o f  the  male are  c h a r a c t e r i s t i c .
The dorsa l  ray is long and b i f i d  w i t h  a p a i r  o f  accessory  
branches a long  i t s  le n g th .  The e x te rn o -d o r s a l  and p o s te ro ­
l a t e r a l  rays are  d i v e r g e n t  w h i l s t  the  medio- and e x te rn o -  
l a t e r a l  rays a re  f l e s h y  and p a r a l l e l  as are  the  l a t e r o -  and 
v e n t r o - v e n t r a I  rays .  The t i p  o f  the  l a t e r o - v e n t r a l  ray ,  
however, tu r n s  th rough n i n e t y  degrees to  p o i n t  towards the  
v e n t r o - v e n t r a l . Each s p i c u l e  Is 120 p long and is s t o u t  
w i t h  a membranous wing e x te nd ing  a long  the  p o s t e r i o r  two- 
th i rds o f  i t s  len g th  ending  in a second p o i n t .  The 
gubernaculum takes the  form o f  a t h i n  f e a t u r e l e s s  rod ,  but  
the  telamon is ve ry  w e l l  developed w i t h  a bar  ru nn in g  a long  
each l a t e r a l  aspec t  o f  the  c loaca  and a more del i c a te  
curved v e n t r a l  j o i n i n g  p iece.
The a d u l t  worms a re  found l y i n g  on the s u r f a c e  o f  the
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cardiac or fundic areas o f  the p ig 's  stomach, usual ly  
under a layer o f  mucus. They are o ften  c luste red  to ­
gether in "nests" ,  sometimes in ulcerated port ions o f  
the mucosa (P o r te r ,  1940; Dodd, I960; Kendall ,  Thur ley  
and Pierce,  1969).
Hyostrongylosis is o f  world-wide occurrence and 
has been known in the United Kingdom since 1923 
(B lackw e l l ,  1923; F i l l e r s ,  1923).  The only q u a n t i t a t i v e  
est imate  o f  the frequency o f  occurrence o f  th is  pa ras i te  
in B r i t a in  p r io r  to 1964 was made by White (1955) who 
found that  30 o f  53 faeces samples he examined y ie lded  
H. rubidus larvae.
Jansen (1965) draws a t te n t io n  to the complete absence 
o f  H. rubidus in European w i ld  boar. He be l ieves  that  
th is  supports the view put forward by Oppermann (1905)  
and Tarcz insk i  (1956) that th is  pa ras i te  was imported 
from the Americas wi th  shipments o f  domestic pigs or  
contaminated feeding s tu f f s .
H. rubidus has been recovered on one occasion from
2 9
the  abomasum o f  sheep (Becklund and Wa lker ,  1967). 
E x p e r i m e n ta l l y ,  i t  can grow to  m a t u r i t y  in ca lves  
(Douvres and Tromba, 1958),  goats  (Tromba and Douvres,
1958a; F i tzs immons and Harness,  1966),  r a b b i t s  ( K o t l a n ,
1949) and g u in e a -p ig s  (A1 i c a t a ,  1934).  As Oesophaqostomum 
w i l l  not  complete i t s  l l f e - c y c l e  In the  l a t t e r  sp ec ie s ,  
these l a b o r a t o r y  an imals may be used as b i o l o g i c a l  ' f i l t e r s '  
f o r  o b t a i n i n g  pure H, rub idus  c u l t u r e s  f rom the  mixed l a r v a l  
samples u s u a l l y  o b ta in e d  f rom f i e l d  cases.  P a r t i a l  success 
has been ach ieved w i t h  the  a xe n ic  c u l t u r e  o f  t h i s  genus 
(Diamond and Douvres,  1962),
The a d u l t  worms are  red in c o lo u r  and are  t h e r e f o r e  
assumed to be b lood suckers .  Larsen (1967) has observed 
e r y t h r o c y t e s  in the  i n t e s t i n e s  o f  a p r o p o r t i o n  o f  the  a d u l t s  
he observed in m ic ro s c o p ic  s e c t i o n s .
0 .1 2 ,  The Egg and Larva l  Stages
The egg o f  H. ru b idu s  d i f f e r s  f rom t h a t  o f  Oesophaqostomum 
in t h a t  i t  la cks  the  i n t e r n a l  s c u l p t u r i n g  seen in the  l a t t e r ,  
is a l i t t l e  narrower  on average (31-42 p v. 35-45 p) and
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! contains 16 or 32 c e l l s  when voided from the host. Generic
i d e n t i f i c a t i o n  cannot be made wi th  confidence on morphological  
grounds alone (A1 Icata ,  1935b; White,  1955; Honer, 1967).
White (1955) bel ieves  that the f ig u re  given for  the length  
o f  the ova by Hassall and S t i l e s  (1892) is a m ispr in t .  The 
correct  f igure  is In the order o f  60-80 p,  not 45 p.
I f  kept at  22-24°C the eggs s t a r t  to hatch around the  
39th hour. The f i r s t  moult begins a t  the 113th hour and 
the second a t  the 168th (A1 ica ta ,  1935b). The t h i r d  stage 
larva  remains w i th in  the c u t i c l e  shed during the previous  
ecdysis.  I t  is very e a s i ly  d i f f e r e n t i a t e d  from the 
corresponding Oesophaqostomum larvae even under the low 
power microscope (x 23 m a g n i f ica t io n ) .  I t  is slimmer and 
moves c h a r a c t e r i s t i c a l l y  by v i o le n t l y  thrashing from side  
to side and a c t iv e ly  swimming. Diagnosis can be confirmed 
in dead specimens by examination o f  the t a i l  o f  the L3 
form under the high power o f  the microscope. I f  viewed 
d o rs o -v e n t ra l1 y , the t i p  has a d i g i t i f o r m  process g iv ing  
the appearance o f  "a round ended peg" (Goodey, 1924b;
A1 ica ta ,  1935b; Kotlan and Vajda,  1939; White,  1955;
Honer, 1967).  Comparative measurements are given in 
Append ix 2 ,  Table 1.
Goodey (1924) i n v e s t i g a t e d  the  p r o p e r t i e s  o f  en- 
sheathed j u v e n i l e s  but  used o n l y  twenty specimens in a l l  
He found t h a t  they c l im bed  the  w a l l s  o f  the c o n t a in i n g  
vesse ls  and cou ld  no t  t o l e r a t e  d e s i c c a t i o n  f o r  even one 
hour. A1 ic a ta  (1935b) con f i rm ed  t h i s  s u s c e p t i b i l i t y  to  
d r y i n g  by showing t h a t  a 240 m inu te  exposure was f a t a l .  
In a d d i t i o n ,  the  l a t t e r  a u th o r  observed t h a t  l a r v a e  
cou ld  remain a l i v e  f o r  144 hours in a tempera ture  o f  
3"5°C, bu t  no t  a t  - 5 - l ° C .  In w a te r ,  v i a b i l i t y  was 
ma in ta ined  a t  room tem pera tu re  f o r  2^ bu t  not  4^ months. 
Both Goodey and A1 ic a ta  agree t h a t  t h i s  genus cannot  
p e n e t ra te  i n t a c t  s k i n ,  i n f e c t i o n  be ing ,  t h e r e f o r e ,  by 
inges t  ion o n l y .
The ana tomica l  changes t h a t  occur d u r in g  the  
paras i t ic  phase o f  the  l i f e - c y c l e  resemble those  
t y p i c a l  o f  a l l  the  t r i c h o s t r o n g y 1 ids except  t h a t  the
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sexes can be d i f f e r e n t i a t e d  a t  a very ear ly  stage by the 
posi t ion  o f  the g iant gen i ta l  c e l l  in r e la t io n  to the 
gen i ta l  primordium (A1 ica ta ,  1934c» 1935b). Whi ls t  that  
author could sex larvae a t  the time o f  the t h i r d  moult,  
Kendall ,  Thurley and Pierce (1969) were not able  to do 
th is  u n t i l  the four th  day a f t e r  in fe c t io n .  Other  
differences are seen when one compares the f indings o f  
these workers.  In Kendall 's  s e r ie s ,  fourth  stage larvae  
were f i r s t  seen on the fourth  day a f t e r  in fe c t io n  and 
the f i f t h  stage on the 12th, whereas the corresponding  
f igures in A l i c a t a ' s  work are f i v e  and 13 days. As 
Kendall and his co-workers point  out,  however, t h e i r  
observations were made on the natural  host w h i ls t  those 
o f  A1 icata  were made on guinea-pigs .
The exsheathed in f e c t i v e  larva takes up a posi t ion  
w ith in  the lumen o f  a g a s t r ic  gland without penetrat ing  
the mucosal ep i the l ium.  Both p a r a s i t i c  moults take  
place a t  th is  s i t e .  The worms s t a r t  to leave the t issues  
on the 13th or  l 4 th  day (Kot lan ,  1949) although many do 
not do so u n t i l  they become adu l t  on the 20th day
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( K e n d a l l ,  T h u r le y  and P ie rc e ,  1969)- Other  worms become 
i n h i b i t e d  in t h e i r  development and remain in the  h i s t o -  
t r o p i c  phase f o r  p ro longed  p e r iod s  ( K o t l a n ,  1949).
0 . 13. C l i n i c a l  Aspects and Patho logy
The d isease  h y o s t ro n g y 1 o s i s  is most p r e v a le n t  in 
a d u l t  p igs (Oppermann, 1905; C a s t l e ,  1932; N ic o ls o n  and 
Gordon, 1959) a l t h o u g h  i t  does appear on ra re  occas ions  
in growing swine (Crocker  and B i e s t e r ,  1920; S k r j a b in  
and Bekensky,  1925; C lay ,  1938).  I t  is o f t e n  p r e c i p i t a t e d  
by s t re s s  c o n d i t i o n s  which d i s t u r b  the h o s t - p a r a s i te  
balance such as bad husbandry and the  abnorma l l y  h igh 
leve l  o f  m i l k  p ro d u c t io n  ach ieved  in modern s toc k .
C a s t le  ( 1932) was the  f i r s t  to  remark on the  a s s o c i a t i o n  
between ou tb reaks  o f  p o rc in e  p a r a s i t i c  g a s t r i t i s  and 
l a c t a t i o n .  I t  is  p o s s i b l e  t h a t  a c o - o r d in a te d  re le a s e  
o f  i n h i b i t e d  l a r v a e  in r e l a t i o n  to  the  p e r i - p a r t u r i e n t  
e g g - r i s e  ( v i d e  Chapter  2 o f  t h i s  t h e s i s )  may c re a te  a 
s i t u a t i o n  analogous to  t h a t  seen in w i n t e r  ( t y p e  I I )  
o s t e r t a g i a s i s  in c a t t l e  as d e s c r ibe d  by Anderson,  Armour, 
J a r r e t t ,  Jenn in gs ,  R i t c h i e  and Urquhart  ( I 965).
3 4
T y p i c a l l y ,  a succession o f  sows grazing a paddock that  has 
been in continual  use for several  years become over th in  
during l a c ta t io n  and f a i l  to recover a f t e r  weaning. This 
happens despi te  the rece ip t  o f  ex t ra  ra t ions given to 
s a t is f y  a ravenous a p p e t i te  (Oppermann, 1905; C as t le ,  1932; 
Nicolson and Gordon, 1959; Shanks, 1965; Cairns and 
Hargreaves,  1966; Davenport and Stockdale ,  1967; Larsen,  
1967 ; Davidson, Murray and Suther land,  I 9 6 8 ; Mouwen, Jansen, 
van Jaarsveld ,  D o r r e s t i jn  and Baars, 1968). In f re q u e n t ly ,  
death may occur as a re s u l t  o f  severe emaciat ion or  massive 
haemorrhages from associated g a s t r ic  u lcers  ( W i t te ,  1938; 
Dodd, I 96O; K ar lo v ic ,  Vraz ic  and Drezancic,  1964),
Dia r rhoea  was noted in a t  l e a s t  a p r o p o r t i o n  o f  the  cases 
recorded by C a s t le  (1932) and Dodd ( I 96O) but  most au th o rs  
r e p o r t  normal faeca l  evacua t ion  o r  even c o n s t i p a t i o n .  
V om i t in g  may be seen on occas ion  (L a rsen ,  1967).
The underlying pathological  lesions are  very s im i la r  
to those described for  o s t e r t a g ia s is  in ruminants,  involv ­
ing nodule ("morocco lea th e r" )  formation and the t ran s ­
formation o f  zymogen and p a r ie ta l  c e l l s  to non- functional
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u n i t s  o r  to  mucus s e c r e t i n g  c e l l s  (Dav idson,  Murray and 
S u th e r la n d ,  1968; K e n d a l l ,  T h u r le y  and P ie rce ,  1969).
These changes r e s u l t  in e le v a te d  plasma pepsinogen l e v e l s  
and an increased pH va lu e  f o r  the  g a s t r i c  s e c r e t i o n s .  In 
apparent  c o n t r a d i c t i o n  to  these o b s e rv a t io n s  are  the  f i n d ­
ings o f  Ne i l  sen (1966a) who f a i l e d  to  demonst ra te  an 
increased r a t e  o f  plasma p r o t e i n  c a ta b o l i s m  in s e v e re ly  
a f f e c t e d  sows.
O f ten  the  p a th o l o g i c a l  p i c t u r e  desc r ibed  above is 
com p l ica te d  by d i p h t h e r e s i s  (Oppermann, 1905; Crocker  and 
B e i s t e r ,  1920; S k r j a b in  and Bekensky,  1925; C a s t le ,  1932; 
N ico lso n  and Gordon, 1959; Larsen ,  1967) and less  f r e q u e n t l y  
w i t h  deep o r  s h a l lo w  c i r c u m s c r ib e d  g a s t r i c  u l c e r s  ( P o r t e r ,  
1940; Dodd, I960;  K e n d a l l ,  T h u r le y  and P ie rce ,  1969).  In 
severe  cases the  l e s io n s  produced by the presence o f  
H. rub idus  la rv a e  and a d u l t s  cause a marked d i g e s t i v e  
d y s fu n c t i o n  (Davidson,  Murray and S u th e r la nd ,  1968).  
Secondary in vas ion  by b a c t e r i a  (Hoogland and S e y f f e r s ,
1928) o r  p ro tozoa (L a rsen ,  1967) may occu r .  A f f e c t e d  
an imals may be s e v e re ly  anaemic (L a rsen ,  1967).
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0 . 1 4 ,  I mmunI t y
The only data a t  present a v a i l a b l e  on the immuno­
logical  responses o f  the pig to invasion with H. rubidus 
are those o f  Porter (1940) whose experimental  in fec ­
tions became patent a t  around thé 21st day. T h e re a f t e r ,  
the  egg-counts qu ick ly  rose to a maximum and f e l l  to very 
low values.  Post mortem worm counts suggested th a t  the 
number o f  H. rubidus decreased as the duration o f  the  
paras i t ism  increased. Re in fect ion  115 days a f t e r  the 
primary in fec t ion  resulted in a r ise  in the egg-count  
th re e  weeks l a t e r ,  but th is  was minute in comparison with  
the o r ig in a l  response. There is ,  th e re fo re ,  reason to 
suspect that an acquired immunity can occur,  but,  as in 
the case o f  Oesophaqostomum in fec t ions  In pigs,  any 
protection  afforded is o f  l i t t l e  functiona l  value in 
l a t e r  1 I f e .
(D) THIS THESIS 
0 .1 5 .  Aims and Object ives . . .
An attempt has been made in the previous para­
graphs to l i s t  those publ ica t ions  tha t  have contr ibuted
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s i g n i f i c a n t l y  to  our  unde rs tan d in g  o f  the  b io l o g y  o f  
H. rub idus  and the  Oesophaqostomum spec ies o f  the  p ig .
Many papers t h a t  mere ly  c o n s o l i d a t e  e x i s t i n g  knowledge 
o r  d e s c r ib e  loca l  anomal ies have been o m i t t e d .  References 
t h a t  appeared a f t e r  the  work re p o r te d  in t h i s  t h e s i s  had 
s t a r t e d  (1964) have o n l y  been inc luded  i f  necessary f o r  
the  c o n t i n u i t y  o f  the  n a r r a t i v e .  More d e t a i l e d  d i s c u s ­
s io ns  o f  many o f  the  papers w i l l  be found in the  sub­
sequent  c h ap te rs .
Survey :
Between the years 1932 and 1963» o n l y  th ree  
i n v e s t i g a t i o n s  making a p o s i t i v e  a d d i t i o n  to  the  study 
o f  the  g a s t r o - i n t e s t i n a l  s t r o n g y l a t e s  o f  the  p ig  were 
per formed in Great  B r i t a i n  (W h i te ,  1955; Sou lsby,  1958; 
N ico lso n  and Gordon, 1959). The obv ious absence o f  any 
r e l i a b l e  f i g u r e s  on the  p reva le nce  o f  the v a r io u s  p ig  
p a r a s i t e s  in the  Un i ted  Kingdom s t im u la te d  the  survey 
t h a t  forms the  f i r s t  c h a p te r  o f  t h i s  t h e s i s .
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E p idem io lo gy :
The r e s u l t s  o f  the  f i r s t  phase o f  the  p r o j e c t  
suggested a p o t e n t i a l l y  f r u i t f u l  means o f  s tu d y in g  one 
f a c e t  o f  the  ep idem io logy  o f  p o rc in e  oesophagos tomiasIs  
and the  nex t  ch a p te r  shows t h a t  t h i s  approach y i e l d e d  
use fu l  da ta .  I t  became a p p a re n t ,  however,  t h a t  o t h e r  
aspects  o f  the  e p i z o o t i o l o g y  cou ld  no t  be e xp la in e d  In 
these terms.  F u r th e r  o b s e rv a t i o n s  enabled two hypo­
theses to  be forwarded to  account  f o r  these anomal les 
and these  form the  bas is  f o r  the  t h i r d  ch a p te r .
C on t ro l  :
Experiences gained In the e a r ly  part  o f  the  
project supported the view that  the therapeut ic  
procedures then recommended for  the control  o f  these 
paras ites were i r r a t i o n a l ,  i n e f f e c t i v e  and waste fu l .
The newly acqu i re d  knowledge o f  the  p reva lence  arid 
ep idem io lo gy  o f  the  nematode genera o f  the  p ig  was 
t h e r e f o r e  a p p l i e d  to  the  des ign  o f  t r i a l s  in tended to  
demonstra te  methods by which the  new b road-spec trum 
a n t h e l m i n t i c s  cou ld  be used to  g r e a t e r  advantage
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(Chapter  4 ) .
Patho-phys i o l o g y :
The work per formed in the  f o u r t h  ch ap te r  a ls o  gave 
an i n d i c a t i o n  o f  the  e x te n t  o f  the  economic losses caused 
by g a s t r o - i n t e s t i n a l  h e l m i n t h i a s i s  in young p igs .  
Publ ished data  conce rn ing  analogous h o s t - p a r a s i t e  systems 
enabled an h yp o th e s is  to  be p o s tu la te d  f o r  the  mechanism 
o f  the  p h y s i o l o g i c a l  d y s fu n c t i o n  t h a t  r e s u l t s  in the  sub- 
op t im a l  g r o w t h - r a t e  o f  h e a v i l y  p a r a s i t i z e d  p ig s .  Chapter 
5 d esc r ibe s  how t h i s  t h e o r e t i c a l  concept  was t e s te d  
exper im en ta l  1 y .
La b o ra to ry  Model :
F i n a l l y ,  the  l a rg e  expense o f  keeping exper im en ta l  
p ig s ,  t o g e th e r  w i t h  d i f f i c u l t i e s  in f i n d i n g  s u i t a b l e  
accommodat ion,  led to  an i n v e s t i g a t i o n  i n t o  the  f e a s i ­
b i l i t y  o f  us ing the  g u in e a - p ig  as a l a b o r a t o r y  model 
f o r  s tu d ie s  w i t h  Oesophagostomum.
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A SURVEY OF THE HELMINTHS OCCURRING IN THE SCOTTISH 
AND DANISH PIG POPULATIONS
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INTRODUCTION
When t h i s  p r o j e c t  was s t a r t e d  in 1964, very  l i t t l e  
i n fo r m a t i o n  was a v a i l a b l e  on the  com pos i t ion  o f  the  he lm in th  
fauna o f  the  domest ic  p ig  ( Sus s c ro fa  do m e s t ica ) in B r i t a i n ,  
The p reva lence  o f  the  lungworms( M e tas t ro n g y1 us s p p . , has 
been w e l l  documented ( v i d e  i n f r a ) ,  bu t  the  o n l y  comprehensive 
post  mortem s tu d ie s  have been those o f  Morgan (1924) and 
Jenk ins  and Erasmus (1963) who examined 17 and 27 an imals  
r e s p e c t i v e l y .  The purpose o f  t h i s  f i r s t  ch a p te r  Is to 
p resen t  the  r e s u l t s  o f  an i n v e s t i g a t i o n  d u r in g  wh ich organs 
were examined f rom some 3,800 p igs  o f  s p e c i f i e d  age groups,  
s la u g h te re d  a t  d i f f e r e n t  seasons o f  the year .
S tud ie s  by two o t h e r  groups o f  workers  were a ls o  
i n i t i a t e d  in 1964 bu t  d i f f e r e d  f rom the  p resen t  i n v e s t i g a ­
t i o n  in t h a t  each depended upon the  d e t e c t i o n  o f  nematode 
ova in faeces f o r  the  d ia g n o s i s  o f  h e l m i n t h i a s i s .  P r e l i m i n ­
a ry  r e s u l t s  f rom a l l  t h r e e  surveys  were pub l i she d  in the 
f o l l o w i n g  s p r in g  (Davidson and T a f f s ,  1965; G i t t e r ,  Kidd and 
Dav ies ,  1965; Jacobs,  1965).
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A sojourn in Denmark provided the-opportuni ty  for  a 
small p a r a l l e l  study to be conducted in that country.  The 
Danes have developed a highly  sophist icated pig industry,  




1 ,1 .1 .  Exper imenta l  Designs 
Inves t  i g a t  ion 1 . 1 .
Post mortem m a te r i a l  f rom S c o t t i s h  a b a t t o i r s  was 
c o l l e c t e d  and examined w i t h  the  f o l l o w i n g  main o b j e c t î v e s : -
(1 )  to  d is c o v e r  what  h e lm in th  p a r a s i t e s  occur  in 
S c o t t i s h  p ig s ,
(2)  to  study aspec ts  o f  the  d i s t r i b u t i o n  o f  each 
spec ies w i t h i n  the  S c o t t i s h  p ig  p o p u la t i o n .
(3 )  t o  d e t e c t  any seasonal f l u c t u a t i o n s  t h a t  may 
occu r .
i nves t  i gat  ion 1 .2 .
A s i m i l a r  a b a t t o i r  survey was performed in Denmark 
but  w i t h  the  o b j e c t  o n l y  o f  o b t a i n i n g  an i n d i c a t i o n  o f  
the  type  and s i z e  o f  the  nematode burdens c a r r i e d  by a d u l t  
p igs  on the  is la n d  o f  Zealand.
Inve s t  ig a t  ion 1 . 3 .
In o rd e r  to  e s t a b l i s h  whether the r e s u l t s  o b ta in e d  in 
I n v e s t i g a t i o n  1.2.  were t y p i c a l  f o r  Denmark as a whole,  





c o u n t ry  f o r  l a b o r a t o r y  exam ina t ion  to  de te rm ine  the  presence 
o r  absence o f  p a r a s i t i c  nematode la rv a e .  T h is  p r o j e c t  was 
n ea r in g  com p le t io n  when the  a u th o r  had to  d e p a r t  f rom Denmark 
and was t h e r e f o r e  f i n i s h e d  by h r .  mag. sc ien .  J .  Andreassen 
o f  the  Z o o lo g ica l  I n s t i t u t e ,  Copenhagen.
in v e s t  iga t  ion 1 . 4 .
Another s tudy  (N ic k e l  and Haupt ,  1964) had shown t h a t  
the  Oesophagostomum p o p u la t i o n  o f  the  caecum o f  the  hos t  is 
dominated n u m e r i c a l l y  by Oe. guadr i s p in u l a t u m . As I n v e s t i g a -  
I t i o n s  1.1.  and 1.2.  had demonstrated  the  presence o f  t h i s
spec ies in both  B r i t i s h  and Danish p ig s ,  the  p resen t  s tudy  
was designed to  supp ly  q u a n t i t a t i v e  da ta  in suppor t  o f  these 
o b s e r v a t i o n s .  Examinat ions were made o f  the  l a rg e  i n t e s t i n e  
o f  ten sows, t h r e e  S c o t t i s h  and seven Danish.  Ni ne were 
chosen a t  random from the  a v a i l a b l e  m a t e r i a l , The t e n t h ,  a 
sow f rom which the  Oesophagostomum i n d i v i d u a l s  were be ing 
e x p e l l e d ,  was s e le c te d  s p e c i a l l y  so t h a t  a compar ison cou ld  
be made between the  nematode p o p u la t i o n s  in e q u i l i b r i u m  and 
one undergoing spontaneous d isp lacem en t  f rom the  normal 
h a b i t a t .  In each case,  the  caecum was separa ted f rom the
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co lo n  and the  l a t t e r  d i v i d e d  in t o  ten to  tw e lv e  s e c t i o n s  
each measur ing about  h a l f  a metre  in le n g th .  A compar ison 
was made o f  the  numbers and types o f  worm recovered f rom 
each p o r t i o n  o f  the  i n t e s t i n e .
1 .1 .2 ,  Sources o f  M a t e r i a l  
S c o t t  i s h :
I t  was no t  p o s s i b l e  to  examine every organ o f  each 
i n d i v i d u a l  p ig .  The survey was t h e r e f o r e  d i v i d e d  i n t o  a 
s e r ie s  o f  sepa ra te  i n v e s t i g a t i o n s ,  each concerned w i t h  one 
p a r t i c u l a r  ana tomica l  system. The o r i g i n s  and numbers o f  
p igs in each s e r i e s  a re  l i s t e d  in Table  1.1,  The pigs  
cou ld  be p laced in to  t h r e e  groups on the b as is  o f  t h e i r  
w e ig h t ,  g i v i n g  an approx im a te  i n d i c a t i o n  o f  t h e i r  age: 
porkers  (90 l b s .  dead w e ig h t ,  f o u r  to  f i v e  months o l d ) ;  
baconers (160 lb s .  dead w e ig h t ,  s i x  to  e i g h t  months o l d ) ;  
and a d u l t s  ( g i l t s ,  sows and b o a rs ) .  A l l  the  m a te r ia l  was 
chosen randomly f rom a b a t t o i r - s l a u g h t e r e d  p igs  and 
rep resen ted  an area ex te n d ing  f rom Aberdeensh ire  to  
Ayrsh i re.
4 8
Dan î sh :
S i x t y - f i v e  stomachs and 29 i n t e s t i n e s  were c o l l e c t e d  
f rom sows s la u gh te re d  a t  a bacon f a c t o r y  a t  R o s k i ld e  and 
a meat and bone-meal f a c t o r y  a t  O r tved ,  near R ings ted .
In a d d i t i o n ,  p r a c t i s i n g  v e t e r i n a r i a n s  and o th e r  
i n t e r e s t e d  workers  f rom a l l  r eg ions  o f  m e t r o p o l i t a n  Denmark 
( i . e .  e x c lu d in g  Greenland and the  Faroe i s l e s )  were asked 
to  submit  20 gramme faeca l  samples to  the  l a b o r a t o r y  f o r  
e xam ina t io n .  A reques t  was made t h a t  each batch  o f  
m a te r i a l  shou ld be r e p r e s e n t a t i v e  o f  one herd ,  be ing  
c o l l e c t e d  f rom several  b reed in g  animals  t h a t  had spent  
p a r t  o f  t h e i r  l i v e s  a t  g rass .  One hundred and f i v e  
responses were o b ta in e d  f rom 12 l o c a t i o n s .
1 .1 .3 *  Methods o f  Examinat ion  
G a s t r o - i n t e s t i n a l  t r a c t ;
Th is  was d i v i d e d  i n t o  f o u r  p o r t i o n s :  stomach,  smal l  
I n t e s t i n e ,  caecum and c o lo n .  In ten in s tan ce s ,  the  co lon  
was subd iv ide d  (§ 1 .1 .1 .  I n v e s t i g a t i o n  1 . 4 . ) .  Each 
s e c t i o n  o f  the  g a s t r o - i n t e s t i n a l  t r a c t  was t r e a t e d
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s e p a r a te l y .  Each was opened l o n g i t u d i n a l l y  and I t s  
c o n te n t s ,  to g e th e r  w i t h  any worms a t tached  to  the  
su r fa ce  o f  the  mucosa, washed in to  a bucke t .  No 
a t te m p t  was made to  recover  la rv a e  in the h i s t o t r o p i c  
phase o f  t h e i r  development.  A f t e r  thorough m ix i n g ,  a 
measured random sample was taken ,  amounting to  between 
one t h i r d  and one t w e n t i e t h  o f  the  t o t a l  c o n te n ts .
M a te r i a l  f rom the  stomach and small  i n t e s t i n e  was 
c le a re d  by repeated s e d im e n ta t i o n  and resuspension  in 
w a te r .  The re s id u e  was scanned under the  s te r e o s c o p i c  
microscope (X23 m a g n i f i c a t i o n )  and the  worms removed.
The co n te n ts  o f  the  caecum and co lon  were washed over  a 
s ieve  (22 mesh) and examined m a c rosco p ica 11 y a g a in s t  a 
b la c k  background f o r  the  presence o f  worms.
Lungs ;
The p r e d i l e c t i o n  s i t e  o f  M e ta s t ro n g y 1 us is the 
s m a l le r  b r o n c h io le s  a t  the  most d i s t a l  p a r t  o f  the  
d ia ph ra gm a t i c  lobe o f  the  lung,  across  which an i n c i s i o n  
was made about  one inch f rom i t s  d i s t a l  t i p .  The t i s s u e s
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on e i t h e r  s id e  o f  the  c u t  were squeezed and i f  worms were 
observed p r o t r u d in g  f rom the  c u t  s u r f a c e ,  the whole  o f  the 
b r o n c h ia l  t r e e  was opened and searched.
Body C a v i t i e s ;
These were examined v i s u a l l y  a t  the  a b a t t o i r .
L i v e r s  :
The h e p a t i c  t i s s u e  was c u t  i n t o  s t r i p s  about  one c e n t i ­
metre  t h i c k  and the  b i l e  duc ts  examined f o r  t rematodes .  In 
S c o t la n d ,  a d u l t  p ig s ,  e s p e c i a l l y  i n - p i g  sows and g i l t s ,  a re  
o f t e n  put  o u t  t o  pas tu re  where they may be exposed to  i n f e c ­
t i o n  w i t h  F a s c io la  h e p a t i c a , bu t  younger p igs are  h a b i t u a l l y  
housed. For t h i s  reason the  c o l l e c t i o n  o f  l i v e r s  was l i m i t e d  
to  the  o l d e r  age groups.
Musc le :
The a c q u i s i t i o n  o f  T r i c h i n e l l a  s p i r a l  is  l a r v a e  is 
cu m u la t i v e  and sows and boars are  more l i k e l y  to  be fed k i t c h e n  
waste than a re  f a t t e n i n g  p ig s .  F ive  gramme samples were t h e r e ­
f o r e  taken f rom the  d iaphragm muscle o f  a d u l t  swine and fed to  
W is ta r  r a t s ,  each r e c e i v i n g  meat f rom 25 p ig s .  One month l a t e r
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the  r a t s  were k i l l e d  and t h e i r  diaphragms removed, compressed 
between heavy g lass  p la t e s  and examined under the  s te r e o s c o p i c  
microscope f o r  the  presence o f  T. s p i r a l i s  l a rv a e .
Faeces :
The faeca l  samples o f t e n  took  several  days to  reach the  
l a b o r a t o r y .  Since  i t  was im p oss ib le  to  r e f r i g e r a t e  them 
w h i l s t  in  t r a n s i t ,  the  ' s t r o n g y l e '  eggs had in many cases 
hatched be fo re  a r r i v a l ,  and t h e r e f o r e  no egg-counts  were 
a t tempted .  D iagnos is  was based on the  i d e n t i f i c a t i o n  o f  
t h i r d  stage i n f e c t i v e  l a rv a e  harves ted  by means o f  a m o d i f i e d  
Baermann techn ique .  The samples were p laced in a j a m - j a r  and 
mixed w i t h  an equal amount o f  g ra n u la te d  c h a r c o a l .  The 
m ix t u r e  was kept  s l i g h t l y  damp and m a in ta ined  a t  a 
tem pera tu re  o f  17-20°C. The l i d  was p ie rced  so t h a t  a i r  cou ld  
c i r c u l a t e  w h i l s t  e v a p o ra t i o n  was kept  low. A f t e r  10 days the  
la r v a e  were f u l l y  developed and cou ld  be harves ted  in the  
f o l l o w i n g  w ay ; -  the  j a r  was f i l l e d  w i t h  lukewarm w a te r  and 
a p e t r i - d i s h  p laced over  the  mouth in p lace o f  the l i d .
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The b o t t l e  was tu rned  so t h a t  the  base was uppermost .
The faeces f l o a t e d  to  the  top  and w i t h i n  a few hours 
l a r v a e  cou ld  be found in the  wa ter  beneath.  Th is  was 
poured o f f  by in c l  în in g  the  j a r  a t  an ang le  to  the  
p e t r i - d i s h .  Wi th  p r a c t i c e ,  a l a r v a l  suspension cou ld  
be o b ta in e d  w i t h o u t  any c o n ta m in a t i on  w i t h  s o l i d  faeca l  
p a r t i c l e s .  The nematodes were con ce n t ra te d  by sedimenta­
t i o n  and the  r a t i o  o f  H yo s t ronqy1 us rub idus  to  
0 esophaqostomum spp. found by m ic ro s c o p ic a l  i n s p e c t i o n .  
I d e n t i f i c a t i o n  is  so easy (Appendix 2,  Tab le  1) t h a t  
X23 m a g n i f i c a t i o n  was found to  be adequate.
As the  faeca l  samples were o f  a p p ro x im a te ly  equal 
s i z e ,  i t  was p o s s ib le  to  make a s u b j e c t i v e  e s t im a te  o f  
whether th e re  were ' f e w '  o r  'many' l a r v a e  p re sen t .  The 
m a te r i a l  was not  known w i t h  c e r t a i n t y  to  be r e p r e s e n t a t i v e  
o f  the  r e s p e c t i v e  farms and so no more a c c u ra te  q u a n t i t a ­
t i v e  s tu d ie s  were a t tempted .  The d e s ig n a t i o n  'many' is 
i n d i c a t i v e  o f  a faeca l  egg-count  o f  severa l  hundred per 
gramme In respec t  o f  H. ru b idu s  and several  thousand in 
the  case o f  Oesophaqostomum spp.
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1 .1 .4 .  P re s e rv a t io n  o f  Recovered He lmin ths
A l l  he lm in ths  were f i x e d  in 5% f o r m a l i n .  A s c a r id s  and 
cestodes were kept  in t h i s  s o l u t i o n ,  but  the  o th e r s  were put  
i n t o  30% a l c o h o l .  A f t e r  success ive  pe r iods  o f  48 hours ,  more 
c once n t ra ted  a lc o h o ls  were s u b s t i t u t e d .  E v e n t u a l l y ,  the worms 
were p laced in a l i q u i d  c o n t a in i n g  70% a l c o h o l ,  5% g l y c e r i n  
and 25% w a te r .  The p r e p a r a t i o n  was p laced in an in cu b a to r  a t  
30^0 so t h a t  the  wa te r  and a lco h o l  s lo w ly  evapora ted le a v in g  
the dehydra ted  worms in a lmost  pure g l y c e r i n .  Lungworms and 
T r i chur  is  were l e f t  in t h i s ,  bu t  the  s m a l le r  nematodes were 
mounted on microscope s l i d e s  in g l y c e r i n  j e l l y  a f t e r  being  
s to re d  in a d e s i c c a t o r  f o r  severa l  days.
Mounted specimens were i d e n t i f i e d  by m ic ro s c o p ic  
exam ina t ion  a t  the  a p p r o p r i a t e  m a g n i f i c a t i o n s .  For c l o s e r  
i n s p e c t i o n  o f  s p i c u l e s ,  the  specimens were sometimes remounted 
in B e r l e s e ' s  f l u i d .  Worms were measured w i t h  a tape-measure 
( a s c a r i d s )  o r  by p r o j e c t i n g  t h e i r  image on to  a screen and 
using an op isome te r  to  e s t a b l i s h  t h e i r  leng ths  in r e l a t i o n  
to  a c a l i b r a t e d  g r a t i c u l e .
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1 .1 .5 .  A Method o f  Rep resen t ing  the D i s t r i b u t i o n  and Abundance 
o f  He lmin ths
U s u a l l y ,  the  r e s u l t s  o f  a survey such as the one recorded 
in t h i s  ch ap te r  a re  t a b u la te d  as a s e r ie s  o f  a r i t h m e t i c  means 
( e .g .  Tables  1.2,  to  1 . 6 . ) ,  perhaps q u a l i f i e d  w i t h  the  range 
o f  va lues  in a b s o lu te  terms o r  as the standard  e r r o r  o f  the  
mean. T h is  mode o f  e xp ress ion  conveys l i t t l e  i n f o r m a t i o n  on 
the  d i s t r i b u t i o n  o f  i n f e c t i o n  w i t h i n  the  hos t  p o p u la t i o n ,  
though t h i s  d e fe c t  can be overcome by us ing  the  data  to 
b u i l d  up a h is tog ram  ( e .g .  F ig .  1.17 ). This^method is 
r a t h e r  c lumsy,  e s p e c i a l l y  I f  the  compar ison o f  severa l  se ts  
o f  f i g u r e s  is  in v o lv e d .  B rad ley  (1965) has d esc r ibe d  the 
a p p l i c a t i o n  o f  l o g a r i t h m i c - p r o b a b Î 1 i t y  cu rves  to  the  f i e l d  
o f  h e lm in th o lo g y ,  a form o f  p r e s e n t a t i o n  which has so many 
advantages and is so s im p le  to  use t h a t  i t  was adopted in 
the  p resen t  s tudy  (F ig s .  1.8.  t o  1 .16 ) ,
The d i v i s i o n s  on l o g - p r o b a b i 1 i t y  paper a re  such t h a t  
a normal f requency d i s t r i b u t i o n  cu rve  would be d e p ic te d  as 
a s t r a i g h t  l i n e .  The v e r t i c a l  s ca le  shows the  percentage 
o f  the  examined hos t  p o p u la t i o n  t h a t  harboured as many as
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o r  fewer than the  c o r respon d ing  number o f  worms on the  
h o r i z o n t a l  a x i s .  T h e o r e t i c a l  c o n s i d e r a t i o n s  demand t h a t  a 
f a c t o r  o f  0 .5  be added to  th e  l a t t e r  f i g u r e .
The f o l l o w i n g  account  is m o d i f i e d  f rom the  example 
g iven by B rad ley  to  e x p l a i n  t h i s  p o i n t .  I f  19% o f  a 
p o p u la t i o n  have a worm-count  o f  l 4  o r  l e s s ,  then the  remain­
ing 81% must harbour more than 14 worms i . e . t h e y  possess 
a worm-count  o f  15 o r  more. For e p id e m io lo g i c a l  s t u d ie s  
i t  is u se fu l  to  be a b le  to  read o f f  both the  p r o p o r t i o n  
o f  the  p o p u la t i o n  t h a t  c a r r y  less  than a s p e c i f i e d  
p a r a s i t e  burden and the  percen tage  t h a t  house more than 
t h i s  number. T h is  would In v o lv e  p l o t t i n g  two p o in t s  on 
the a b s c i s s o r  f o r  each v a lu e  on the  o r d i n a t e .  To avo id  
hav ing two separa te  cu rves  j o i n i n g  the  d u p l i c a t e d  p o i n t s ,  
one h a l f  is added to  each worm-count  so t h a t  both se ts  
o f  i n fo r m a t i o n  can be p o r t r aye d  by a s i n g l e  l i n e .  Thus,
19% have less  than 14^ worms w h i l s t  81% have more than 14^.
I f  two p o p u la t i o n s  a re  p a r a s i t i z e d  to  a d i f f e r e n t  
degree,  the  cu rve  r e p r e s e n t i n g  the  1 ess h e a v i l y  in fe s te d  




1 .2 .1 .  Occur rence
The f o l l o w i n g  p a r a s i t e s  were found in the  S c o t t i s h  s e r i e s :
Nematoda: T r i c h o s t r o n g y l o i d e a :
Hyos t ro nqy lu s  rub idus  (Hassa l l  and S t i l e s ,  1892).
T r i c h o s t r o n q y 1 us axei  (Cobbold,  1897) -  a new
reco rd  f o r  the  Un i ted  Kingdom.
I T r i c h o s t r o n q y 1 us c o l u b r i f o r m ! s  ( G i l e s ,  1892) -  a new
I reco rd  f o r  the  Un i ted  Kingdom.
i
i T r  i c h o s t r o n q y 1 us v i  t r i n u s  (Looss,  1905) -  a new hos t
! reco r d .
Nematoda; S t ro n g y lo id e a  ;
Oesophaqostomum dentatum (R u d o lph i ,  1803) -  F ig .  1.1,  
Oesophagostomum g u a d r i s p in u la tu m  (Harcone,  1901) -  a
new record  f o r  the  Un i ted  
Kingdom, F ig .  1 .2 .
Globocephalus u ro sub u la tu s  ( A 1 e s s a n d r i n i , 1909) -  a
new reco rd  f o r  the  Un i ted  
Kingdom, F ig .  1.3*
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Nematoda: M e ta s t ro n g y lo id e a  :
M e ta s t ro n qy iu s  a p r i  (Gmel în,  1790).
M e tas t ron gy ]us  pudendotectus (Wostokow, 1905).
Nematoda: T r i c h u r o id e a  :
T r i ch u r  i s su is  (Schrank ,  1788),
Cestoda:  T aen l idae :
C y s t i c e r c u s  tenu tool  l i s .' W I..- ■ I  — " '
There was no ev idence  o f  T. s p i r a l i s  in the  m uscu la tu re  
and no s ign  o f  F. h ep a t i ca  in the  b i l e  d uc ts .
C. tenu i c o l l  is was seen on one occas ion  o n l y ,  on the 
per i toneum c o v e r in g  the  l i v e r  o f  a baconer.  One o ld  sow -  
the l a r g e s t  o f  the  s e r i e s  -  harboured a remarkable  fauna 
which inc luded  G. u ro s ub u la tu s  and the  th ree  T r  i c h o s t r o n q y 1 us 
spec ies .  None o f  these  p a r a s i t e s  was encountered aga in 
d u r in g  the  course o f  the  su rvey .
The f o l l o w i n g  p a r a s i t e s  were found in the  Danish s e r i e s :
Nematoda: T r i c h o s t r o n g y l o i d e a :
H yos t ronqy lus  rub idus  (Hassal l  and S t i l e s ,  1892) - a
new record  f o r  Scand inav ia .
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Nematoda: S t r o n g y lo id e a :
Oesophaqostomum dentatum (R u d o lp h i ,  1803). 
Oesophaqostomum guadr i s p i n u l atum (Marcone,  1901)
a new reco rd  f o r  
Scand î n av la .
Nematoda: T r i c h u r o id e a  :
T r i c h u r i s  s u is  (Schrank ,  1788),
1 .2 .2 ;  The L in ea r  D i s t r i b u t i o n  o f  the  Two Oesophaqostomum Species 
Oe. g u a d r i s p in u la tu m  c l e a r l y  favou rs  a s i t e  c l o s e r  to  
the i l eo cae ca l  v a lv e  than does Oe. dentatum (F ig s .  1 .4 .  to  
1 . 6 . ) .  The t e r r i t o r i e s  occup ied by each spec ies  were 
obse rved ,  however, t o  o v e r l a p  to  v a r y in g  degrees,
Oe. g u a d r i s p in u la tu m  sometimes e x ten d ing  in t o  a more d i s t a l  
p r e d i l e c t i o n  s i t e  and Oe. dentatum sometimes t a k i n g  a more 
prox imal  p o s i t i o n .  A t tempts  were made to  c o r r e l a t e  these 
v a r i a t i o n s  w i t h  (1)  the  a b s o lu te  magni tude o f  the  
Oesophaqostomum p o p u la t i o n s  (2)  the  r e l a t i v e  numbers o f  
each Pesophaqostomum spec ies  (3 )  the  presence o r  absence 
o f  T r i c h u r i s  s u is (4)  the  r e p r o d u c t i v e  s t a t u s  o f  the  sow.
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No c o n s ta n t  p a t t e r n  cou ld  be dete rm ined .
The r e s u l t s  In Fig .  1 .4 .  a re  expressed in terms o f  
the percen tage o f  each Oesophagostomum p o p u la t i o n  in each 
segment o f  the  i n t e s t i n a l  c a na l .  S i m i l a r  curves a re  
produced by p l o t t i n g  the  d e n s i t y  o f  each Oesophaqostomum 
spec ies per u n i t  area o f  mucosal s u r fa c e  a g a in s t  the  
d i s t a n c e  f rom the  i le o cae ca l  v a l v e ,  so t h a t  the  d i s t r i b u t i o n  
o f  Oesophaqostomum spec ies  a long  the  l a rg e  i n t e s t i n e  appears 
to be independent  o f  the  s u r fa c e  area o r  volume o f  luminal  
co n te n ts  a v a i l a b l e  in each s e c t i o n  ( F ig .  1 . 5 . ) .
P r e d i c t a b l y ,  the  males and females o f  each spec ies  
occup ied s i m i l a r  p o s i t i o n s  In the  i n t e s t i n e  ( F i g ,  1 . 6 . ) ,  
Pa i rs  o f  Oesophaqostomum were o f t e n  found _m co i tu  and in 
each case mat ing  in vo lved  males and females o f  the  same 
spec i e s ,
Measurement o f  ove r  2,000 Oesophaqostomum spp, 
i n d i v i d u a l s  d id  not  reveal  any s i g n i f i c a n t  d i f f e r e n c e  in 
the  leng ths  o f  the  worms f rom each s e c t i o n  o f  the  l a rg e  
i n t e s t i n e  (Appendix 1, Table  18) ,  nor  d id  m ic ro s c o p ic a l
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exam ina t ion  show any m orp ho lo g ica l  d i f f e r e n c e s  which 
m ight  i n d i c a t e  a p r o g r e s s i v e l y  o l d e r  p o p u la t i o n  in 
the  more d i s t a l  segments (as is  seen, f o r  example,  in 
Trichonema i n f e c t i o n s  in horses -  Math ieson,  1964).
When spontaneous e x p u ls io n  o f  a p o p u la t i o n  o c c u r s ,  
i t  n a t u r a l l y  d i s r u p t s  the  customary d i s t r i b u t i o n  
beyond r e c o g n i t i o n  (F ig ,  1 . 7 ) .
1. 2 . 3 . The Inc idence  ( E x t e n s i t y )  and S ize  ( I n t e n s i t y ) 
o f  I n f e c t i o n s
The in f o r m a t i o n  c o l l e c t e d  d u r in g  the  S c o t t i s h  
su rvey is  too voluminous to  be recorded in n a r r a t i v e  form, 
The data  f o r  each p a r a s i t e  a re  t h e r e f o r e  summarized in 
Tables  1.2.  t o  1.7.  and F igs .  1 .8 .  to  1.16. In the  
Tab les ,  the degree o f  i n f e s t a t i o n  is  expressed as the  
percentage o f  the  hos t  p o p u la t i o n  h a rbo u r in g  each 
h e lm in th ,  o r  as the  a r i t h m e t i c  mean o f  the  worm burden 
o f  each group.  A more comprehensive p i c t u r e  o f  the  
p a r a s i t i c  s t a t u s  o f  each p o p u la t i o n  is  g iven  by means o f  
the p r o b a b i l i t y  curves in F igs .  1 .8 .  to  1.16.  wh ich  a re  
drawn a c co rd in g  to  the  method o f  B rad ley  (§ 1 . 1 . 5 * ) .
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F igs .  1.8, to 1.11. compare age inc idences and F igs .  1.13.  
to  1.16. the  seasonal f l u c t u a t i o n s  in the  p o p u la t i o n  
s t r u c t u r e .  The worm burdens o f  i n d i v i d u a l  p igs  are  
s u p p l ie d  in Appendix 1, Tables 1 to  13*
The e x t e n s i t y ,  i n t e n s i t y  and geograph ica l  d i s t r i b u t i o n  
o f  the  i n f e c t i o n s  s tu d ie d  in the  Danish survey  a re  shown 
in Tables 1.7* and 1 ,8 .  and in F igs .  1.1% and 1.18.
0.1 mm
0.5 mm 0.1 mm
Fig 1.1 Oesophagostomum dentatum from Scotland: head, female tail and 
gubernaculum of male. Drawn by Dr. A.M. Dunn
0 .1 mm
0.1 mm0.5 mm
Fig 1.2 Oasophagostomum quadrispinulatum  from Scotland : head, female tail and 
gubernaculum of male. Drawn by Dr. A.M. Dunn
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Fig 1.4 Linear distribution of Oasophagostomum spp. in the large intestine of 
the pig. C = caecum; L 11, III etc. = sections of colon and rectum.
Oe.q. = Oe. quadrispinutatum: Oe.d, = Oa. dentatum and adjacent 
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Fig 1.5 Linear distribution of Oesophagostomum in the large intestine of the 
pig expressed as the proportion of the two populations in each section and the 
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Fig 1.6 A comparison of the linear distribution of male and female Oesophagostomum spp.
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Fig 1.7 Linear distribution in the large intestine of the pig of Oesophagostomum spp. 
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Fig 1.8 Ascarissuum - age Incidence: for explanation of log-probability 
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Fig 1.9 Trichuris suis ~ age incidence: for explanation of fog-probabifity 






•60 —  
40----
2 0 ----





no. worms (w) + 16
10' 10 '
Fig 1.10 Oesophagostomum quadn’spinu/atum - age incidence : for explanation of 
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Fig 1.11 Oesophagostomum dentatum - age incidence; for explanation of 
log-probability curves see Section 1.1.5..





V  98 
95i
0.5 1 10 100
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Fig 1.12 The incidence of Metastrongyfus spp. in baconers: for explanation 
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no. worms (w) + Vz
Fig 1.13 Hyostrongy/us rubidus - seasonal incidence : for explanation of 
log-probability curves see Section 1.1.5..



























0.5 1 10 10 ' 10 'no. worms (w) + Vz
Fig 1.14 Oesophagostomum quadrispinulatum - seasonal incidence in adult 
pigs : for explanation of log-probability curves see Section 1.1.5..
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no. worms (w) + Vz
Fig 1.15 Oesophagostomum dentatum - seasonal incidence in adult pigs: for 
explanation of log-probability curves see Section 1.1.5..
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No. worms {\n} +Y 2
10 ' 10'
Fig 1.16 Oesophagostomum Spp. - seasonal incidence in growing pigs 
(combined results for porkers and baconers); for explanation of 
log-probability curves see Section 1.1.5..
. = Nov. - Jan.; x = Feb. - Apr.; 0 = May - Jul.; + = Aug. - Oct.
20
Oe. dentatum jj j jH
Oe. quadrispinulatum j |
3 4 5 6 7
No. Oes. spp. (10^)
Fig 1.17 Frequency distribution of the intensity of Oesophagostomum spp.
infections in Danish adult pigs
A  Hyostrongylus rubidus positive 
0  Oesophagostomum spp. positive 
A  Hyostrongylus rubidus negative
Fig 1.18 The geographical distribution in Denmark oi Hyostrongylus rubidus and 
Oesophagostomum spp.. The letters indicate the regions listed in Table 1.10..
X shows the position of the clinical outbreak (Nielsen, 1966; Larsen, 1967) and 






length of spicules (mm.)
0.60.3 0.50.2
1.0
length of female ta il (mm.)
0.9
Fig 1.19 Frequency distribution curves for the length of the female tail and 
length of the spicules of the male in two series of 100 Oesophagostomum 
chosen at random from the Scottish collection
j Û - 2- t/fC .
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T a b l e  1 . 1 .  -  ( Q u a n t i t y  and s o u r c e s  o f  m a t e r i a l  
e x a m in e d  d u r i n g  t h e  S c o t t i s h  s u r v e y
O rg a n A g e - g ro u p
Nu mber  
e x a m ln e d When e x a m in e d A b a t t o  i r
C a s t r o - i n t e s t  i n a l  
t r a c t
p o r k e r  
b a c o n e r  




O c t .  1 9 6 4  -  S e p t .  1965
G1asgow  
Pa 1s 1ey  
B a r r h e a d  
S t i  r l i n g
Lungs
b a c o n e r  
a d u l  t
2 , 5 1 3
33
J a n .  196 5 -  D e c .  I 9 6 5 S t  i r l i n g
Body c a v i  t  i es
b a c o n e r  
a d u l  t
2 , 5 1 3
33
J a n .  196 5 -  D e c .  I 9 6 5 S t i r l i n g
L i v e r a d u l  t 65 May 1 9 6 7  -  A u g .  I 9 6 7 G1asgow
M u s c l e a d u l  t 1 , 0 0 0 J u l y  1 9 6 7  -  A u g .  1 96 7 G la s g o w
T a b l e  j . 2 .  -  P e r c e n t a g e  i n c i d e n c e  o f  h e l m i n t h s  I n  S c o t t i s h  p i g s
Porker Baconer Adul t
STOMACH
Hyos t ro ngy lu s  rub idus 0 0 50.7
SMALL INTESTINE
A s c a r i s  suum 34,2 28.6 11.4
Globocephalus u ro su b u la tu s 0 0 1.4
Tr  I c h o s t ro n q y 1 us axei 0 0 1.4
T r i c h o s t r o n q y i u s  c o l u b r 1fo rm ts 0 0 1 .4
T r i c h o s t r o n q y ! u s  v i t r i n u s 0 0 1.4
LARGE INTESTINE
T r i c h u r i s  su is 42,0 2 9 .4 14.3
Oesophaqostomum q u a d r i s p in u la tu m 4 6 .4 23.5 8 4 .4
Oesophaqostomum dentatum 58.0 39.7 89.1
LUNG
M e ta s t ro n q y 1 us apr  i _ 5 .6 15.0
M e tas t ro n qy lus  pudendotec tus - 0 .0 4 0
BODY CAVITIES
Cyst i ce rcus  t e n u i c o l l i s 0 .0 4 0
T a b l e  1 , 3 .  -  A v e r a g e  n u m b e r  o f  h e l m i n t h s  p e r  i n f e c t e d
p i g  f o u n d  i n  S c o t t i s h  s u r v e y
Porker Baconer Adul t
STOMACH
H yos t rongy lus  rub idus - - 4,255
SMALL INTESTINE
A s c a r i s  suum 3 i 2 i
Globocephalus u ro sub u la tu s - - 447
T r i c h o s t r o n q y iu s  axei - - 31
T r i c h o s t r o n q y i u s  c o l u b r i f o r m Î s - “ 158
T r i c h o s t r o n q y i u s  v i t r i n u s - - 31
LARGE INTESTINE
T r i c h u r i s  su is 10 6 19
Oesophaqostomum q u a d r i s p in u la tu m 77 156 547
Oesophaqostomum dentatum 72 168 1,773
LUNG
M e ta s t ro n qy lu s  apr  i - 28 7
M e tas t ron qy lus  pudendotectus " 2 -
BODY CAVITIES
Cyst i ce rcus  t e n u i c o l l i s - 1 -
T a b l e  1 . 4 .  -  S e a s o n a l  i n c i d e n c e  o f  A s c a r i s  s u u m  a n d  T r i c h u r i s  s u i s  
i n  g r o w i n g  p i g s  ( c o m b i n e d  r e s u l t s  f o r  p o r k e r s  
a n d  b a c o n e r s )  d u r i n g  S c o t t i s h  s u r v e y
N o v . / J a n . F e b . / A p r . M a y / J u l y A u g . / O c t .
A . s u u m  
2 6 3 2 2 9 4 3 p e r c e n t a g e  i n c i d e n c e
4 2 3 A i a v . n o , / i n f e c t e d  p i g
T . s u i s
4 8 1 6 3 2 3 9 p e r c e n t a g e  i n c i d e n c e
1 0 11 5 a v . n o , / i n f e c t e d  p i g
T a b l e  I . 5 .  -  S e a s o n a l  v a r i a t i o n  in  t h e  i n t e n s i t y  and e x t e n s i t y  o f  
s t r o n q y l a t e  i n f e c t i o n s ,  b a s e d  on p o s t - m o r t e m  e x a m i n a t i o n s  
o f  70 S c o t t i s h  sows d u r i n g  1 9 6 4 / 6 5
N o v . / J a n .  F e b . / A p r . M a y / J u l y A u g . / O c t .
Oesophaqostom um  spp .
9 6  9 3 8 7 100 % i n c i d e n c e
1371 3 2 0 4 2 5 1 9 1 54 8 Mean worm c o u n t / i n f e c t e d  p i g
H y o s t r o n g y l u s  r u b i d u s
5 6  73 5 7 13 % i n c i d e n c e
1521 9 5 3 6 1830 4 0 5 6 Mean worm c o u n t / i n f e c t e d  p i g
> J3 01 >  J3 >. 0>

Table 1.9. -  The d is tr ib u tio n  o f helminths throughout 
the Danish pig population
Percentage Incidence Av. no. helminths per in fected 'p ig
Porker Baconer Adult Porker Baconer Adult
Ascaris suum 53  21 12
Trichuris  suis 0 .4  21 15
Oesophaqostomum spp. 73 100 3.227
Hyostrongylus rubidus <100
These figures, representing the examination o f 469 pigs, are compiled from the 
present surveys, and from Mogensen (1962), and Avlund and Handrup 
(1965 -  unpublished data)
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T a b le  1 .1 2 .  -  The p r e d i l e c t i o n  s i t e s  o f  th e  g a s t r o - i n t e s t i n a l  nematodes  
o f  p igs  commonly found in Europe
Nematode spec ies
Pred i l e c t  ion s i te
A uthor
Organ Pos i t io n
H yostro ngylus  
rubidus Stomach
c a r d i a c  and fu n d ic  
reg ions
K e n d a l l ,  T h u r te y  and 
P i e r c e  ( I 9 6 9 )
S t r o n q y lo id e s  
ransomi smal l  i n t e s t i n e f i r s t  two metres
Suppurer  and 
P f e i f f e r  ( i 9 6 0 )
Globocephalus  
u rosu bu la tu s
s m al1 i n t e s t  in e -  7& met res  
from p y lorus S c h u l t z e  ( 1956)
A s c a r is  suum small i n t e s t i n e 8 - 9  met res  from p y lo ru s
M e lc h io r s  (1 9 6 3 )  
Jacobs ( 1963)
T r i c h u r i s  su is l a r g e  i n t e s t i n e caecum, le s s  o f te n  prox im al  co lon Present  s t u d i e s
Oesophaqostomum 
quadr  is p in u la tu m
Oesophaqostomum
dentatum
l a r g e  i n t e s t i n e  
l a r g e  i n t e s t i n e
caecum, proxim al  
colon
c o l o n ,  s i t u a t e d  more 
d i s t a l l y  than 
Oe. q u a d r is p in u la t u m
P res ent  s t u d ie s  
P res ent  s t u d ie s
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DISCUSSION
1. 3 . 1. Occurrence
F ive  p a r a s i t e s  a re  re p o r te d  f o r  the f i r s t  t im e  f rom 
B r i t i s h  p ig s :  Oe. q u a d r i s p in u l a t u m , G. u rosubu la tus  and 
the th re e  T r i c h o s t r o n q y 1 us spec ies .
Pastu re grazed by ruminants is commonly contamina ted  
by the  i n f e c t i v e  stages o f  T r i c h o s t r o n q y i u s . Pigs may be 
e x p e r im e n t a l l y  i n fe c te d  w i t h  T. c o l u b r I  form is  (Tromba and 
Douvres,  1958b) and i t  is  s u r p r i s i n g  t h a t  t h i s  genus is so 
r a r e l y  i s o l a t e d  f rom t h i s  hos t  in areas where swine and 
sheep a re  kept  in c lo s e  p r o x i m i t y .  Costa (1965b) records 
an inc idence  o f  12.9% from the  Bahia d i s t r i c t  o f  B r a z i l ,  
but  th e re  have o n l y  been f i v e  o th e r  r e p o r ts  o f  t h i s  para­
s i t e  o c c u r r i n g  n a t u r a l l y  in  p igs  (K o t la n  and Mocsy, 1933; 
R ob e r ts ,  1940; Bobkova, I960 ;  F r i e t a s  and Costa,  1962; 
M u i lee  and Cox, 1967). There is o n l y  one p re v iou s  reco rd  
o f  T. axe I in the  domest ic  p ig  (R o ber ts ,  1940) a l t h o u g h  i t  
has been recovered f rom w i l d  boar (Jansen,  1965).  W h i l s t  
these spec ies  a re  known to  p a r a s i t i z e  a number o f  an im a ls ,  
the  t h i r d  member o f  t h i s  genus, T. v i t r  i nus , has a much 
narrower  hos t  range and has been re po r ted  f rom o n l y  
two non-rum in an t  h o s ts ,  the  vu 1 pi ne opposurn (T r  ichosuros
63
v u ] p e c u l a ) and man (Gordon and Sommerv i I le ,  1958;
Euzeby, 1963). The i s o l a t i o n  o f  T. v i t r  i nus f rom the  
p ig  on t h i s  o c c a s io n ,  t h e r e f o r e ,  p rov ides  a new hos t  
reco rd ,  Bobkova (1960) has d esc r ibe d  a T r i c h o s t ro n q y lu s  
spec ies  (T. s u i s ) which has the  p ig  as i t s  n a tu ra l  hos t .  
There cannot  be any doub t ,  however,  t h a t  the  worms found 
d u r in g  the  p resen t  s tudy  were r e p r e s e n t a t i v e s  o f  the  
o v in e  spec ies .  A c a r e fu l  i n v e s t i g a t i o n  o f  the  c i r c u m ­
s tances o f  t h i s  d i s c o v e ry  e l im i n a t e d  the  p o s s i b i l i t y  
t h a t  the  observed nematodes were contaminants  f rom o th e r  
p r o je c t s  t a k i n g  p lace  in the  l a b o r a t o r y .
G. u ro sub u la tu s  has not  been found in any hos t  
animal  no t  b e long ing  to the  genus Sus. The ' p i g  hook­
worm' (a misnomer as t h i s  p a r a s i t e ,  a l t ho ugh  having 
some c h a r a c te r s  In common w i t h  the  A n c y lo s to m a t îdae,  is 
a member o f  the  S t ron gy l  idae) is  t h e r e f o r e  hos t  s p e c i f i c  
and c o nse que n t l y ,  i t  must be endemic in the  B r i t i s h  p ig  
p o p u la t i o n .  F ig u re  1 .3 .  is  a d rawing made f rom a worm o f  
t h i s  genus c o l l e c t e d  d u r in g  the  S c o t t i s h  survey re p o r te d  
here.
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Oesophagestomum is the commonest helminth p a ra s i te  o f  
Scott ish  pigs ,  being found in 67% o f  porkers,  43% o f  
baconers and 94% o f  the breeding stock.  Despite  the 
widespread occurrence o f  Oe. quadrispinulatum throughout 
Europe: e .g .  I t a l y  (Marcone, 1901); Jugoslavia (M ickacic ,  
1937); Hungary (Kot lan ,  1948); A us tr ia  (Supperer,  1955);  
Spain (Linzcano Hierrèfa,  1^958);’Germany^ (Schme»sr, 1958) and 
Holland (Baars,  D o r r e s t i jn ,  van Jaarsveld ,  Jansen and 
Mouwen, 1967),  Oe. dentatum has been commonly assumed 
to be the only species o f  porcine nodular worm present  
in the United Kingdom. The present survey,  however, 
demonstrated a high incidence o f  the second species in 
Scotland. Ta f fs  (1967a) has confirmed the presence o f  
Oe. quadrispinulatum in B r i t a i n  and shown i t  to be 
equal ly  common in East Ang l ia .
One o f  the f i r s t  workers to study the porcine  
oesophagostomes in d e t a i l  was Dr. I .  Goodey. He 
contr ibuted a thorough account o f  the morphology o f  
Oe. dentatum recovered from natural  In fect ions  in 
B r i t i s h  pigs (Goodey, 1924a), In the fo l lowing year ,  he
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pu b l ish e d  a d e s c r i p t i o n  o f  a new spec ies ,  Oe. longicaudum 
( l a t e r  shown by A 1 i c a t a ,  1935 to  be synonymous w i t h  
Oe. q u a d r i s p in u l a t u m ) based on specimens f rom a c o l l e c t i o n  
made in New Guinea!  i t  seems s t ra ng e  t h a t  such a 
m e t icu lo u s  worker  should have o ver looked  the presence o f  
Oe. q u a d r i s p in u la tu m  in the  Un i ted  Kingdom under these 
c I r c u m s ta n c e s .
Other nematodes f r e q u e n t l y  encountered in Sco t land  
are  A. suum, T. s u i s , H. rub idus  and r a th e r  le ss  commonly, 
M e tas t ro n g y lu s  apr  i .
Three p a r a s i t e s  t h a t  a re  known to occur  in p igs  
from t ime to  t ime in the  Un i ted  Kingdom were no t  found 
in the  p resen t  s e r i e s :  T. s p i r a l i s  (Bruce,  1966),
S t ro n q y lo  i des spp, (W a l le y ,  1967; T a f f s ,  1968b) and 
F. h ep a t i c a  (Ross,  Dow and Todd, 1967; E l l î c o t t  and 
Col greaves,  1968).  The reasons f o r  these n e g a t i v e  
f i n d i n g s  are  d i f f e r e n t  in each case.  S t ro n g y lo  ides 
i n f e c t i o n s ,  f o r  example,  a re  most o f t e n  seen in baby 
p igs  o r  weaners.  A l l  the  p igs  o f  the p resen t  s e r ie s
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were over  f o u r  months o f  age,  and so the  r e s u l t s  do not  
exc lude  the  p o s s i b i l i t y  t h a t  t h i s  worm is endemic in the  
S c o t t i s h  p ig  p o p u la t i o n .  Exper ience in N o r th e rn  Europe 
(Madsen, I 96 I )  and more r e c e n t l y  in the  Un i ted  S ta te s  o f  
Amer ica (Zimmermann, I 966) has shown t h a t  the  in c idence  o f  
T. s p i r a l i s  i n f e c t i o n s  in p igs  can be reduced d r a m a t i c a l l y  
by e ns u r in g  t h a t  meat c o n t a i n i n g  l i v e  l a rv a e  is  not  fed 
t o  swine.  The b o i l i n g  o f  k i t c h e n  wastes in tended f o r  p ig  
food (compulsory on B r i t i s h  farms) ach ieves  t h i s  purpose 
and accounts  f o r  the  extreme r a r i t y  o f  p o r c in e  t r i c h i n o s i s  
in the  U.K. The s p o r a d ic  cases t h a t  do occu r  f rom t ime 
to t ime may o r i g i n a t e  f rom f e r a l  sources o r  f rom bad ly  
prepared s w i l l .  Pigs a re  n a t u r a l l y  ve ry  r e s i s t a n t  to  
i n f e c t i o n  by F. h e p a t i c a , so t h a t  f l u k e s  seldom become 
e s ta b l i s h e d  in the  b i l e  duc ts  o f  t h i s  spec ies  (Ross,  Dow 
and Todd, 1967).
Even though the  s p l r u r o i d  p a r a s i t e s ,  Ascarops 
s t r o n g y 1 ina and Physocephalus s e x a la tu s  a re  commonly 
found In f e r a l  swine on the  c o n t i n e n t  o f  Europe,  they 
were absent  f rom the B r i t i s h  p igs  examined d u r in g  the
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pre sen t  su rvey .  Jansen (1965) records  inc idences  o f  93 and 
75% r e s p e c t i v e l y  f o r  the  two nematodes in Dutch w i l d  boar,  
bu t  these  spec ies  have never  been found in domest ic  p igs  
in the Ne the r la nds  o r  n e igh b ou r in g  c o u n t r i e s .  I t  Is 
d i f f i c u l t  t o  env isage  how the  farm env i ronment cou ld  g ive  
p r o t e c t i o n  f rom the  I n te rm e d ia te  hosts (coprophagous 
b e e t le s )  o r  p a r a te n l c  hosts  (sma l l  mammals and b i r d s )  
should the  p igs  be kept  a t  g rass ,  but  n e v e r th e le s s  freedom 
from these p a r a s i t e s  is  p ro b a b ly  r e la te d  d i r e c t l y  o r  
i n d i r e c t l y  to  husbandry p r a c t i c e s .
1, 3 . 2 . Age Inc idences
When the p a r a s i t i c  fauna o f  d i f f e r e n t  age-groups  o f  
the hos t  species a re  compared, the  nematodes are  seen to  
f a l l  i n t o  two broad c a te g o r i e s :
( 1) those whose in c iden ce  decreases w i t h  the 
in c re a s in g  age o f  the  hos t .
(2) those found more f r e q u e n t l y  in the a d u l t  an ima l .
Group 1 :
One might  have a n t i c i p a t e d  t h a t  the a d u l t  an imals
o f  the  p resen t  survey  would be less  h e a v i l y  p a r a s i t i z e d  
w i t h  A. suum o r  T,  su is  than the  younger age groups 
(Tab les  1 ,2 .  and 1 . 3 . ;  F ig s ,  1 .8 .  and 1 . 9 . )  s in ce  the  
a b i l i t y  o f  the  p ig  t o  deve lop  an a c t i v e  immunity to  
i n f e c t i o n s  w i t h  these  h e lm in ths  has been acknowledged 
by severa l  au th o rs  ( K e l l e y  and Nayak, 1964; Powers,
Todd and Goldsby,  1959; T a f f s ,  1958, 1964a, 1964b).
Tab le  1 .2 .  suggests  t h a t  the  baconers d is p la y e d  a g r e a t e r  
degree o f  immunity to  A s c a r Is  than d id  the  p o r k e r s ,  but  
F ig .  1.8.  shows t h i s  t o  be f a l s e .  The curves f o r  the  
two se ts  o f  da ta  c o i n c i d e  and thus the  p a r a s i t i c  s t a t u s  
o f  each is i d e n t i c a l .  The same d iagram,  however,  c l e a r l y  
shows the  d i f f e r e n c e s  between the  p a r a s i t i c  burdens 
c a r r i e d  by the  growing p igs  and the  mature an im a ls .
Group 2 :
The second ca te g o ry  covers  those  genera t h a t  were 
found most f r e q u e n t l y  in the  a d u l t  animal  and inc ludes  
the  s t r o n g y l a t e  genera H y o s t ro nq y 1 u s , Oesophagostomum 
and M e ta s t r o n q y lu s . H yo s t ro n g y1 us was never seen in 
a growing p ig  d u r in g  th e  whole course  o f  the  su rve y ,  bu t
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t he  two Oesophagostomum spec ies  were commonly found in 
f a t t e n e r s a s  is shown in F igs ,  1.10, and 1.11.  In each case,  
the  worm burden o f  the  baconers is less  than t h a t  o f  the  
po rke rs ,  which m ight  suggest  t h a t  some immunity o r  
r e s i s t a n c e  Is b u i l t  up d u r i n g  the  e a r l y  l i f e  o f  the  p ig ,  
the  percen tage inc id ences  (Tab le  1 .2 . )  resembl ing  those 
f o r  T. su is  (Tab le  1 . 2 . ) ,  in which spec ies immunological  
f a c t o r s  a re  known to  be in vo lved  (Powers,  Todd and 
Goldsby,  1959).  L a t e r ,  however,  t h i s  t rend  is reve rsed so 
t h a t  a lmost  every  a d u l t  p ig  harbours  Oesophagostomum, o f t e n  
in ve ry  g re a t  numbers.
The s ta tement  t h a t  M e ta s t ro n g y 1 us was more common in 
a d u l t  than growing p igs  may be m is le a d in g  as i t  is  based 
on a compar ison o f  data c o l l e c t e d  f rom 2,315 baconers and 
t h a t  f rom o n l y  33 sows. Such a s i t u a t i o n  m ight  have been 
p r e d i c te d  on t h e o r e t i c a l  grounds even though p igs  a re  
a b le  to  b u i l d  up an a c qu i re d  immuni ty to  these  i n f e c t i o n s  
(daggers ,  1965; D ixon ,  1968). T h is  nematode genus r e q u i r e s  
an i n te r m e d ia te  hos t  f o r  the  com p le t ion  o f  i t s  l i f e - c y c l e  
(Hobmaier and Hobmaîer,  1929),  the ova being  a b le  to
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hatch and a t t a i n  the  I n f e c t i v e  s tage o n l y  i f  eaten by an 
ear th -worm. F a t te n in g  p igs  a re  kept  indoors  on co n c re te  
where c o n ta c t  w i t h  a n n e l i d s  is  u n l i k e l y ,  a l th o u g h  not  
im p oss ib le  ( T a f f s ,  1967b;  H e r b e r t ,  1967). T h e r e fo r e ,  i f  
g i l t s  a re  taken f rom a housed herd and put  o n to  g ra ss ,  as 
they o f t e n  a re  in S c o t la n d ,  they w i l l  be f u l l y  s u s c e p t i b l e  
to  the  i n f e c t i o n  to  wh ich  they become exposed.
1. 3 , 3 . Seasona1 I netdence
The month ly  c o l l e c t i o n s  o f  s la ugh te rho use  m a te r i a l  
( w i t h  the  e xc e p t io n  o f  lungs)  were too  smal l  f o r  the 
d e t e c t i o n  o f  seasonal v a r i a t i o n s .  Q u a r t e r l y  r e s u l t s  were 
t h e r e f o r e  pooled and the  year  d i v i d e d  i n t o  the  f o l l o w i n g  
's e a s o n s ' :  e a r l y  w i n t e r  (November -  J a nu a ry ) ;  l a t e  w i n t e r /
s p r in g  (F eb ruary  -  A p r i l ) ;  e a r l y  summer (May -  J u l y ) ;  
l a t e  summer/autumn (August  -  O c tob e r ) .
The p o p u la t i o n  s i z e  o f  the  g a s t r o - i n t e s t i n a l  
s t r o n g y l a t e  genera showed marked seasonal f l u c t u a t i o n s ,  
be ing g r e a t e s t  in the  s p r i n g  ( Oesophagostomum spp. -  
Tab le  1 . 5 . ,  F igs .  I . l 4 .  and 1 . 1 5 . ) ,  o r  in the  s p r i n g  and
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e a r l y  summer (Hyos t rongy I  us -  Tab le  1 . 5 . ,  F ig .  1 . 1 3 - ) ,  
a l t hou gh  these changes o n l y  o ccu r re d  in a d u l t  an ima ls .
No co r re spond ing  v a r i a t i o n s  were seen in growing p igs 
( F i g .  1 . 1 6 . ) .  T h is  may be because younger p igs  are  kept  
indoors  a t  a c o n s ta n t  tem pera tu re  th roughou t  the  year 
and a re  t h e r e f o r e  s h ie ld e d  f rom e x te rn a l  envi ronmenta l  
i n f 1uences.
There is  l i t t l e  change in the  ac tua l  percen tage  
o f  sows in fe s te d  w i t h  Oesophagostomum from season to 
season,  however,  whereas th e re  is  a marked d e c l i n e  in 
the numbers h a rb o u r in g  H y o s t ro ng y 1 us in the  autumn 
(Tab le  1 . 5 . ) .
In c o n t r a s t  to  the  o t h e r  g â s t r o - ' î n t e s t  i.na1 s t r o n g y l a t e s , 
a s c a r id  i n f e c t i o n s  tended to  be more common in the  l a t e  
summer and autumn; and t r i c h u r i d  i n f e s t a t i o n s  in the 
w i n t e r  (Tab le  1 , 4 . ) .
The in c idence  o f  M e ta s t ro n qy lus  spp. was below the 
annual average in January ,  A p r i l ,  June and J u l y  and above 
the  mean va lu e  in March,  August  and December (Tab le  1 . 7 . ) ,
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These f l u c t u a t i o n s  were ,  however,  o f  a low magni tude.
1 . 3 . 4 . A Comparison w i t h  Other B r i t i s h  Surveys
Cameron (1933) published a paper e n t i t l e d  "The 
in te rna l  paras i tes  o f  pigs: a survey".  He records 
the presence, in the United Kingdom, o f  the fo l lowing  
h e lm in th s : 'Ascaris 1umbricoides' , Hyostrongy1 us rub idus , 
Oesophagostomum dentatum, T r ic h u r is  s u is , Metastrongy!us  
spp. and more r a r e l y .  T r i c h i n e l 1 a s p i r a l i s , Fasciola  
hepat ica and Taenia sol i urn. I t  is not stated whether 
t h i s  l i s t  is based on the author 's  experiences or those 
o f  other  workers.  L i t t l e  information is o f fe re d  on the 
r e l a t i v e  frequencies o f  the paras i tes  or  the in t e n s i t ie s  
o f  in fec t ion  seen in the f i e l d .  Cameron considered Ascaris  
to be the nematode most o f ten  encountered,  Oe. dentatum,
T. s u is  and M e ta s t ro n q y lu s  spp. t o  be widespread and
H. rub idus  " q u i t e  common in the  south o f  England".
Nicholson and Gordon (1959) were the f i r s t  to diagnose 
hyostrongylosis as a c l i n i c a l l y  apparent disease in Scotland.
As f a r  as the  g a s t r o - i n t e s t i n a l  h e lm in th s  a re
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concerned,  no f u r t h e r  p rogress  was made u n t i l  Jenk ins  and 
Erasmus (1963) conducted t h e i r  survey which encompassed 
the exam ina t ion  o f  27 p igs  o f  u n s p e c i f i e d  age. They found 
40.7% to  be i n f e s t e d  w i t h  A. suum (range 0 - 28 h e l m in th s ) ,  
40% w i t h  Oe. dentatum (0 -  165) end 63-6% w i t h  T. su is  
(0 -  43) .  These r e s u l t s  correspond very  c l o s e l y  w i t h  the 
f i g u r e s  o b ta in e d  f o r  p igs  o f  po rke r  we ig h t  in the  p resen t  
survey.
Economic and commercial  p ressures  l a t e r  c re a ted  a 
need f o r  more p r e c i s e  in f o r m a t i o n  and s t im u la te d  the  most 
re cen t  i n v e s t i g a t i o n s  i . e .  those  o f  Davidson and T a f f s  
( 1965) and G l i t t e r ,  Kidd and Davies (1965) as w e l l  as the 
o r i g i n a l  work re p o r te d  in t h i s  c h ap te r .  A t  the  co m p le t ion  
o f  t h e i r  work ,  the  Weybr idge team ( G i t t e r ,  Gibson,  Kidd and 
Dav ies ,  I 966) had examined faeca l  samples f rom 614 sows on 
71 farms.  Of these  a n im a ls ,  79.8% were In fe c te d  w i t h  
' Oe. den ta tum ' ,  43.3% w i t h  H. r u b i d u s , 0.88% w i t h  Ascar is 
and 0.48% w i t h  T. s u i s . Davidson and T a f f s  (1965) record  
r e s u l t s  f rom 200 p ig s  o f  a l l  ages,  bu t  p r i n c i p a l l y  sows. 
They recovered ' s t r o n g y l e '  eggs f rom 95% o f  the  samples.
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Mixed Oesophaqostomum/Hyostronqylus i n f e c t i o n s  accounted 
f o r  65% o f  these .  Only s i x  cases o f  a s c a r i a s i s  were 
d e te c te d .  Davidson,  Murray and S u the r la nd  (1968) found 
80% o f  2,000 c o p r o l o g i c a l  exam ina t ions  to be p o s i t i v e  
f o r  ' s t r o n g y l o i d  e g g s ' .  La rva l  c u l t u r e s  per formed on 
1,000 o f  these re vea le d  t h a t  53% were mixed i n f e c t i o n s ,
44% were pure Oesophagostomum and 3% pure Hyos t rongy I  us . 
These a u tho rs  remark on th e  f a c t  t h a t  the  number o f  eggs 
per gramme o f  faeces tends to  inc rease  w i t h  age and t h a t  
sows harbour the  l a r g e s t  p o p u la t i o n s  o f  g a s t r o - i n t e s t i n a l  
s t r o n g y l a t e s .
These most re ce n t  su rveys  thus su pp o r t  some o f  the  
c o n c lu s io n s  o f  the  p resen t  work i . e .  the  sharp c o n t r a s t  
between the  h ig h  in c id ence  o f  i n f e c t i o n  w i t h  
Oesophagostomum and H y o s t ro n g y 1 us and the  i n f r e q u e n t  
occu r rence  o f  A s c a r i s  and T r i c h u r i s  in a d u l t  p igs .
The amount o f  u se fu l  i n f o r m a t i o n  t h a t  can be o b ta in e d  
f rom faeca l  exam ina t ions  is  l i m i t e d  to  an i n a c c u ra te  
assessment o f  the  presence o r  absence o f  p a r a s i t e s  ( f a l s e  
nega t i ves  o f t e n  o ccu r )  and an even less  r e l i a b l e  e v a l u a t i o n
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o f  the  degree o f  i n f e s t a t i o n  (egg -coun ts  a re  r a r e l y  
p r o p o r t i o n a l  to  the  worm burden ) .  In a d d i t i o n ,  the 
sampl ing  techn iq ues  used in these  c o p r o l o g i c a l  surveys 
were not  r e p r e s e n t a t i v e  o f  the  n a t i o n a l  o r  re g ion a l  p ig  
p o p u la t i o n s  as ,  in each case,  many i f  not  a l l  o f  the  
herds under o b s e r v a t i o n  were s e le c te d  because o f  the  
occu r re nce  o f  u n t h r i f t i n e s s  o r  o t h e r  c l i n i c a l  a b n o r m a l i t y .  
L i t t l e  co m p ara t ive  data  was p resented to  i l l u s t r a t e  the 
changes t a k i n g  p la ce  in the  com p os i t ion  o f  the  h e lm in th  
fauna w i t h  the  In c rea s in g  age o f  the  hos t  o r  in accordance 
w i t h  the  season o f  the  ye a r .  Dav idson,  Murray and 
Su the r la nd  ( I 968 ) g iv e  the  impression t h a t  they  have 
s u f f i c i e n t  r e s u l t s  to  do t h i s  b u t ,  to  d a te ,  they have 
chosen to  p u b l i s h  o n l y  a s u c c in c t  summary.
A number o f  s t u d ie s  i n t o  the  p reva lence  o f  lungworm 
i n f e c t i o n s  have been conducted  over  the  years  (Lew is ,  
1926; Robertson ,  1937; Dunn, Gent les and W h i te ,  1955; 
Mackenzie,  1958; W h l t t l e s t o n e ,  1957; daggers,  1965;
P i r i e ,  1965; T a f f s ,  1968b ) ,  The o v e r a l l  in c idence  o f  
M e ta s t ro n q y lu s  spp. in t h e  p resen t  s tudy  (5.6%) was lower
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than in a p rev iou s  S c o t t i s h  survey conducted by Robertson 
(1937) who recorded 13.08% but  s i m i l a r  to  the  f i g u r e  
ob ta in ed  by P i r i e  (1965) who drew h i s  m a t e r i a l  f rom the  
same a b a t t o i r  as the  p resen t  a u th o r .  P i r i e  found 
93 (8.4%) o f  1,113 p igs  to  be i n f e c te d  w i t h  M. a p r i  and 
one (0.1%) w i t h  M. p udendo tec tus . He noted t h a t  one 
h a l f  o f  the  in fe s te d  an imals  harboured fewer than ten 
worms.
The s c a r c i t y  o f  M. p ud end o tec tu s , found in o n l y  one 
o f  2,513 p igs  in the  p resen t  su rvey ,  agrees w i t h  
Dunn (1 954 ) ,  P i r i e  (1965) and T a f f s  (1968b) bu t  is in 
sharp  c o n t r a s t  w i t h  o th e r  surveys  in wh ich  an a t te m p t  
has been made to  d i f f e r e n t i a t e  the  spec ies .  Jenk ins  
and Erasmus (1963) ,  f o r  example,  found t h a t  a p p ro x im a te ly  
one t h i r d  o f  the  lungworms they recovered belonged to 
t h i s  spec ies .
Dunn, Gent les  and Whi te  (1955 ) ,  Mackenzie (1958) 
and daggers (1965) have d e sc r ibed  the  seasonal  f l u c t u a ­
t i o n  in the  s i z e  o f  lungworm i n f e c t i o n s  in B r i t a i n .  In
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g e n e ra l ,  the inc id ence  is h igh  in the autumn and w i n t e r  
and low in the  summer. The b reed ing  h a b i t s  o f  some 
spec ies  o f  ear thworm a re  dependent  on the amount o f  
summer r a i n f a l l  and so t h i s  f a c t o r  can i n f l u e n c e  the 
magni tude o f  the p a r a s i t i c  p o p u la t i o n  in the f o l l o w ­
ing months. The p resen t  r e s u l t s  d id  no t  show any 
marked seasonal v a r i a t i o n  a l t ho u g h  the  h ig h e s t  and 
lowest  va lues  d id  correspond w i t h  the  p a t t e r n  o u t ­
l i n e d  above ( w i t h  the  e x c e p t io n  o f  the January 
read i n g ) .
1. 3 . 5 . The Dan ish Survey
A l though  the  Inc idence  o f  Ascar i 5 suum in bacon 
p igs  is w e l l  documented in the  Danish l i t e r a t u r e  
(Jensen,  1927-28;  Pete rsen,  1941-42;  Mogensen, 1962; 
M e lc h io r s ,  1963; Mandrup, 1965), ve ry  few re fe ren ce s  
have been made to o th e r  h e lm in th s  o f  the  p o rc in e  g a s t r o ­
i n t e s t i n a l  t r a c t ,  o r  to  o th e r  age-groups o f  the  hos t  
spec ies ,  Petersen (1950) commented on the  f i n d i n g  o f  
T. su is  in s la u g h te r -h o u s e  m a te r ia l  and Mogensen (1962) 
demonstra ted  the  occu r rence  o f  t h i s  p a r a s i t e  and
Oe. dentatum in baconers by c o p r o lo g i c a l  e xam ina t io n .
His f i g u r e s  show an o v e r a l l  Oesophagostomum i n f e c t i o n  
r a te  o f  73%» re g io n a l  r e s u l t s  v a r y in g  f rom 59% in 
M id -J u t l a n d  and Nor th  Ju t ia n d /V e n dsysse l  to  100% on 
L o l l a n d  and F a l s t e r .
The p resen t  su rvey re vea le d  the  presence o f  two 
p a r a s i t e s  t h a t  were no t  though t  to  o ccur  in Scand inav ia .  
These were H yos t ronqy1 us rub idus  and Oe. q u a d r i s p in u l a t u m . 
The o ccur rence  o f  the l a t t e r  spec ies  had been p r e v io u s l y  
n o t i c e d  in Denmark by the  l a t e  Dr.  Hans Roth in 1942, as 
w i tnessed  by a b o t t l e  in th e  h e l m i n t h o l o g i c a l  c o l l e c t i o n  
o f  the  Royal V e t e r i n a r y  and A g r i c u l t u r a l  C o l le g e ,  
Copenhagen, which is  l a b e l l e d :  "669 -  Oesophagostomum 
1onqicaudum -  s t o r t a r m  s v in  n r .  3 "  R in gs ted  2 3 /1 -4 2 " .
T h is  d i s c o v e r y ,  however,  remained unpub l ished  and was 
f o r g o t t e n .  H. rub idus  has s in ce  been found by N ie lse n  
( 1966a), Larsen (1967) and Ludvigsen and van Abr ichem 
(1967).
As the  Danish su rvey was c o n f in e d  to  the  examina­
t i o n  o f  m a te r ia l  f rom a d u l t  p ig s .  Tab le  1.9.  was
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compi led  summariz ing the  f i n d i n g s  o f  o th e r  a u tho rs  and 
g i v i n g  a more comple te  p i c t u r e  o f  the  d i s t r i b u t i o n  o f  
the  v a r io u s  p a r a s i t e s  th roug ho u t  the  Danish p ig  popu la ­
t i o n .  I t  can be seen t h a t  the  o v e r a l l  p a t t e r n  is much 
the same as t h a t  demonstra ted  in the  Un i ted  Kingdom.
The a s c a r id  p o p u la t i o n  d e c l i n e s  w i t h  the  in c re a s in g  
age o f  the  hos t  w h i l s t  the  oesophagostomes increase:  
in number. .  The i n t e n s i t y  and e x t e n s i t y  o f  i n f e c t i o n s  
w i t h  H. rub idus  is ve ry  much lower than in B r i t a i n ,
The f i g u r e  g iven  f o r  the  occu r rence  o f  T. s u i s  in 
baconers is a l s o  ve ry  low in compar ison.  T h is  va lu e  
was taken f rom the  paper by Mogensen (1962) and is  
based on the  d e t e c t i o n  o f  h e lm in th  eggs in the  h o s t ' s  
faeces by a s a l t  f l o t a t i o n  techn ique .  T. su is  is no t  
one o f  the most p r o l i f i c  e g g - la y e rs  and i t s  eggs do 
not  f l o a t  r e a d i l y  in t h i s  s o l u t i o n .  I t  is p robab le  
t h a t  a pos t  mortem su rvey would have revea led  a much 
h ig h e r  in c id ence .
The wide d i s t r i b u t i o n  o f  H. rub idus  in Denmark is 
in d i c a te d  by the  d em o n s t ra t io n  o f  i t s  presence in
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Southern and M id - J u t l a n d  as w e l l  as on the  i s la n d s  o f  
L o l l a n d  and Zealand ( F i g .  1 . 1 8 . ) .  Since  p ig s  have 
no t  been l e g a l l y  imported i n t o  Denmark f o r  many years 
(excep t  f o r  c l o s e l y  c o n t r o l l e d  b reed ing  programmes),
H. rub idus  is  undoub ted ly  e n z o o t i c  in the Danish 
n a t i o n a l  herd .  Only 5*7% o f  th e  105 s e le c te d  herds 
i n v e s t i g a t e d  in the  geog raph ica l  survey were i n f e c te d  
w i t h  t h i s  p a r a s i t e ,  c o n f i r m in g  the r e s u l t s  o f  the  
Zealand pos t  mortem s tudy .  I t  is ve ry  e x c e p t i o n a l  
f o r  Danish p ig s  o f  any.age  to  be put  o u t  to  grass 
and so i t  is  l i k e l y  t h a t  the  a c tu a l  p r o p o r t i o n  o f  
herds i n f e c te d  is  even lower than t h i s  f i g u r e  i n d i c a t e s .
The geog raph ica l  d i s t r i b u t i o n  o f  Oesophagostomum 
in Danish sows was r a t h e r  d i f f e r e n t ,  an e q u a l l y  h igh  
in c id ence  be ing  re p o r te d  f rom a l l  p a r ts  o f  the  
c o u n t r y  (Tab le  1 . 8 . ) ,
I . 3 * 6 .  A Comparison w i t h  O ther European Surveys 
Koffman (1940) conducted an e x h a u s t i v e  su rvey  o f
the  h e lm in th  p a r a s i t e s o f  Swedish farm an ima ls  bu t  f a i l e d
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to  f i n d  H. r u b id u s . The d i s c o v e ry  o f  t h i s  nematode in 
Denmark s t im u la te d  a new search which revea led  two 
p o s i t i v e  cases o u t  o f  the  e leven  sow stomachs t h a t  were 
examined ( N i l s s o n ,  1967).  Across the  B a l t i c ,
Ta rczyn sk i  (1956) examined the  worm burdens o f  domest ic  
and w i l d  p igs In Poland.  He ment ions n e i t h e r  H. rub idus  
nor Oe. q u a d r i s p in u l a t u m , In both  the above-ment ioned 
c o u n t r i e s ,  however,  Oe. dentatum is  acknowledged as 
being ve ry  common.
Voluminous re p o r t s  have been prepared c o v e r in g  
a lmost  every  reg ion  o f  Germany. Most o f  these  a re  in 
the form o f  d o c to r a l  d i s s e r t a t i o n s  and have been l i s t e d  
by Behrens (1966).  Of  p a r t i c u l a r  va lu e  a re  papers by 
Boch and Neubrand (1 962 ) ,  Lamina and Bohnhardt  (1964) and 
Weissenburg and Neubrand (1967).  These c o n t r i b u t i o n s  
c l e a r l y  i l l u s t r a t e  the v a r i a t i o n s  in the nematode 
p o p u la t i o n  s t r u c t u r e  t h a t  take  p lace  in r e l a t i o n  to  the 
advanc ing age o f  the  h o s t .  Weissenburg and Neubrand 
( 1967) ,  f o r  example,  i n v e s t i g a t e d  1,871 faeca l  samples 
and showed t h a t  the  f requency  o f  pa te n t  a s c a r i a s i s  and
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t r i c h u r i a s i s  in an imals  under s i x  months o f  age was 
around 20-26%. In o l d e r  age g roups,  the  numbers o f  
i n f e s te d  an imals  f e l l  r a p i d l y  t o  less  than 2%. The 
Oesophagostomum f i g u r e s  rose f rom 58% to  more than 80% 
between the  ages o f  t h r e e  months and n in e  months,  w i t h  an 
i n t e r m e d ia te  va lue  o f  72% a t  s i x  months o l d .  H. rub idus  
is  recogn ized as a p a r a s i t e  o f  sows r a t h e r  than f a t t e n e r s  
bu t  the  o v e r a l l  in c id ence  is somewhat lower  than in the 
B r i t i s h  I s l e s  (Boch,  Gerber and Horchner,  1968; B a r th ,  
1968).  The in c iden ce  o f  Globocephalus u ro s u b u la tu s  is 
in the  o rd e r  o f  16-40% ( v id e  rev iew  by E h l e r t ,  1962).
T h is  p a r a s i t e  is  a l s o  found in w i l d  boar in Germany as 
a re  Ascarops s t r o n g y l i n a  and Physocephalus s e x a la tu s  
(Boch and Horchner,  1961).
A l l  o f  these  parasi tes  o ccu r  in Sus s c r o f a  in Ho l la nd  
as w e l l  as T.  axel  (Jansen,  1964). Schrooyen (1969) 
i n v e s t i g a t e d  o ve r  800 Dutch herds and found the ra te  o f  
i n f e c t i o n  w i t h  A. suum, T. s u is  and the  ' s t r o n g y l e '  
p a r a s i t e s  to  be 45%, 4% and 49% r e s p e c t i v e l y ,  in growing 
p igs  w h i l s t  the  c o r respond ing  f i g u r e s  f o r  sows were 28%,
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0% and 81%. Mouwen, Jansen,  van J a a r s v e ld ,  D o r r e s t i j n  and 
Baars (1968) l i s t  va lues  o f  9.5%, 3.4%, 87.7% and 97.8% 
f o r  Ascar i s , T r i c h u r  i s , H yos t ro ng y1 us and Oesophagos tomum 
in mature s tock .  In the  n e ig h b o u r in g  c o u n t ry  o f  Belg ium, 
97% o f  a s e r ie s  o f  b reed ing  farms were in f e s te d  w i t h  
' s t r o n g y l e s '  ( a t  l e a s t  52% harboured H yo s t ronq y1 us in 
a d d i t i o n  to  Oesophaqostomum) , bu t  o n l y  25% o f  i n v e s t i g a te d  
f a t t e n i n g  u n i t s  were contamina ted  (Deceuninck and Pared i s ,  
1967).
F u r th e r  so u th ,  in  France,  Euzeby and Renau l t  (1966) 
a ls o  demonst ra ted  how the  f requency  o f  a s c a r i a s i s  and 
t r i c h u r i a s i s  d e c l i n e s  w i t h  the  i n c re a s in g  age o f  the  host  
w h i l s t  the  g a s t r o - i n t e s t i n a l  s t r o n g y la t e s  show the  o p p o s i t e  
t r e n d .  These a u tho rs  c o n s id e r  H. rub idus  to  be ve ry  ra re  
in t h e i r  n a t i v e  c o u n t r y  bu t  p ro v id e  no f i g u r e s  to  suppor t  
t h e i r  argument.  A s p o r a d ic  d i s t r i b u t i o n  is  re p o r te d  f o r  
A u s t r i a  (Suppere r ,  1955) w h i l s t  the  age inc idences  f o r  
the o th e r  spec ies  correspond w i t h  those d esc r ibe d  in the 
proceed ing  paragraphs (Suppere r ,  1961).
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The numerous s t u d ie s  to  wh ich  b r i e f  re fe r e n c e  has 
been made In t h i s  s e c t i o n  can be summarized ve ry  s im p ly .
The p a t t e r n  o f  d i s t r i b u t i o n  o f  the  g a s t r o - i n t e s t i n a l  
h e lm in th s  th roughou t  the  B r i t i s h  p ig  p o p u la t i o n  is ve ry  
s i m i l a r  to  t h a t  c h a r a c t e r i s t i c  f o r  a l l  p a r t s  o f  tempera te  
Europe f o r  wh ich  r e l e v a n t  s t a t i s t i c s  a re  a v a i l a b l e .
G. u r o s u b u la t u s , however,  is p a r t i c u l a r l y  common in 
Germany and i t  shou ld a l s o  be mentioned t h a t  S t r o n q y lo id e s  
is  a more s e r io u s  problem on the  c o n t i n e n t  than i t  is  iri 
the Un i ted  K ingdom.(Supperer ,  1955).  The s p i r u r o i d  
p a r a s i t e s  o f  the  stomach o f  the  p ig  a re  found in European 
w i l d  boar bu t  have no t  been recorded  in the  Un i ted  Kingdom 
(§ 1 . 3 . 1 . ) .
1. 3 . 7 . E p id e m io lo g ic a l  S i g n i f i c a n c e
The i n f o r m a t i o n  c o l l e c t e d  d u r i n g  the  S c o t t i s h  and 
Danish surveys enab le  c e r t a i n  o b s e rv a t i o n s  and t e n t a t i v e  
sugges t ions  to  be made re g a rd in g  the  b i o l o g y  o f  the  recorded 
p a r a s i t e s .  The dem on s t ra t ion  o f  the  heavy g a s t r o - i n t e s t  Ina l  
s t r o n g y l a t e  burdens in a d u l t  p ig s ,  f o r  example,  leads one 
to  c o n s id e r  the  p o s s i b i l i t y  t h a t  the  sow m ig h t  p lay  a
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dominant  r o l e  In the  t r a n s m is s io n  o f  Oesophaqostomum spp. 
f rom one g e n e ra t i o n  o f  p igs  to  th e  n ex t .  E p ide m io lo g ic a l  
s tu d ie s  rep o r ted  in the nex t  c h a p te r  o f  t h i s  t h e s i s  proved 
t h i s  to  be the  case.
In many h o s t - p a r a s i te  systems, o l d e r  an imals  harbour 
fewer h e lm in ths  than do younger age-groups o f  the  same 
spec ies .  Th is  may be due to  the  development o f  "age 
r e s i s t a n c e "  o r  an a c qu i re d  immuni ty .  A compar ison o f  the 
worm burdens o f  porkers  and baconers showed d e c l i n i n g  
Oesophaqostomum numbers § 1 . 3 . 2 . ,  a phenomenon which  
appeared to  be in accordance w i t h  t h i s  general  p r i n c i p l e .
On the  o th e r  hand, German e xpe r ien ce  does not  suppo r t  
t h i s  v iew as a r e g u la r  r i s e  in the  f requency o f  i n f e c t i o n  
occurs  f rom th r e e  months o f  age onwards In t h a t  c o u n t ry  
(Weissenburg and Neubrand,  1967).  Between bacon w e igh t  
and the a t t a in m e n t  o f  sexual  m a t u r i t y ,  however,  the  B r i t i s h  
and German f i g u r e s  a re  in agreement.  In the  p resen t  survey  
the inc id ence  o f  Oesophaqostomum increased f rom 4-3% to  94%. 
Any immunological  response t h a t  may take p la ce  in the 
young p ig  is t h e r e f o r e  t r a n s i e n t  and o f  l i t t l e  f u n c t i o n a l
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va lu e  to the  a d u l t  animals
The reason f o r  t h i s  a p p a r e n t l y  i n v e r t e d  age inc id ence  
Is obscure .  A t  f i r s t  i t  was though t  t h a t  t h i s  phenomenon 
re s u l t e d  f rom env i ronmenta l  changes as p regnant  g i l t s  and 
sows in Sco t land  a re  o f t e n  kept  c o l l e c t i v e l y  in grass 
paddocks whereas younger s t o c k  is kept  indoors  on c o n c r e te .  
The same changes occur , -  however,  in Danish p ig s  (Tab le  1 .9 . )  
even though these  a re  a lm os t  i n v a r i a b l y  kept  i n s id e  whether 
in tended f o r  f a t t e n i n g  o r  b re ed ing .  T h is  h y po th e s is  is 
t h e r e f o r e  unacceptab le  and a no the r  e x p l a n a t i o n  must be 
sought .
W h i l s t  Connan (1967a) is  undoub ted ly  c o r r e c t  when he 
s ta te s  t h a t  the  n a tu re  o f  the  f l o o r  and bedd ing i n f l u e n c e  
the s i z e  o f  the  Oesophagos tomum p o p u la t i o n  w i t h i n  a herd to  
someextent ,  i t  cannot  be den ied  t h a t  t h i s  genus can,  in 
g e n e ra l ,  t h r i v e  e q u a l l y  w e l l  on grass  and co n c re te .  
Oesophaqostomum Is a p r o l i f i c  e g g - l a y e r  and even under good 
fa rm ing  c o n d i t i o n s  enough la rv a e  can s u r v i v e  to  m a in ta in  a 
h ig h  le v e l  o f  i n f e s t a t i o n .  A numer ical  example to  i l l u s t r a t e
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t h i s  p o i n t  is g iven in Chapter  2 (§ 2 . 3 . 7 . ) .
In c o n t r a s t ,  H. ru b idus  has a very  l i m i t e d  b i o t i c  p o t e n t i a l  
and r e g u la r  removal o f  faeca l  m a t e r i a l  f rom p ig g e r i e s  may reduce 
l a r v a l  numbers to  ve ry  low l e v e l s .  Accum ula t ion  occurs  on 
p a s tu re s ,  e s p e c i a l l y  those  t h a t  a re  not  res ted  o r  ploughed 
r e g u l a r l y .  There is much evidence  in the  w o r ld  l i t e r a t u r e  to  
suggest  t h a t  c l i n i c a l  h y o s t r o n g y l o s i s  is a lmost  always a 
consequence o f  such c o n d i t i o n s .  Thus, in Sco t la nd  where 
pregnant  p igs  a re  o f t e n  put  o u t  to  g raze,  H yo s t ro n q y1 us is 
common, whereas Danish sows reared and m a in ta ine d  on co n c re te  
a re  r a r e l y  i n f e c t e d .
A l though  t h e r e  a re  s u p e r f i c i a l  s i m i l a r i t i e s ,  the  ep idem i­
o lo g y  o f  oesophagos tomias is  is  t h e r e f o r e  q u i t e  d i f f e r e n t  f rom 
t h a t  o f  h y o s t r o n g y l o s i s .  T h is  p r i n c i p l e  a p p l i e s  a ls o  to  the 
seasonal v a r i a t i o n s  in the  p a r a s i t i c  p o p u la t i o n  s i z e .  W h i l s t  
the number o f  Oesophaqostomum in sows is g r e a t e s t  in the 
s p r in g  and minimal  in the  autumn and w i n t e r ,  the  f requency  o f  
i n f e c t i o n  remains c o n s ta n t  th rou gho u t  the year  (Ta b le  1 . 5 . ) .
On the  o t h e r  hand, the  in c id e n ce  o f  H yos t ronqy ]us  f l u c t u a t e s
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q u i t e  c o n s id e r a b l y .  A f i g u r e  o f  73% was recorded  in the  
s p r i n g ,  56- 57% in the  summer and w i n t e r  and 13% in the  p e r iod  
August  t o  October.  H. rub idus  in the  stomach o f  the p ig  can 
be cons ide red  to  be analogous to  O s te r t a q ia  spp. In ruminants  
s in c e  the two t r i c h o s t r o n g y l  ids a re  ve ry  c l o s e l y  r e l a t e d  and 
provoke s i m i l a r  p a t h o l o g i c a l  l e s io n s  (Dav idson,  Murray and 
S u th e r la n d ,  1968).  Anderson,  Armour, Jenn in gs ,  R i t c h i e  and 
Urq uha r t  (1965) have shown how i n f e c t i v e  la r v a e  o f  the 
l a t t e r  genus behave d i f f e r e n t l y  in t h e  l a t e  summer and autumn 
than a t  o th e r  t imes o f  the  year .  Instead o f  completing the  
p a r a s i t i c  phase o f  t h e i r  l i f e - c y c l e  In the  usual t h r e e  
weeks, a l a rg e  p r o p o r t i o n  o f  the worms become i n h i b i t e d  in 
the  e a r l y  f o u r t h  s tage  and o n l y  resume t h e i r  development 
a f t e r  a p r o t r a c t e d  p e r io d .  U n f o r t u n a t e l y ,  no mucosal d ig e s t s  
were per formed d u r in g  the  p resen t  s tudy and so I t  Is 
im po ss ib le  to  ju d ge  i f  t h i s  phenomenon a l s o  happens in p ig s .  
The a d u l t  worm coun ts  sugges t ,  however,  t h a t  t h i s  may be the  
case.
In c o n t r a s t .  I t  Is a t  t h i s  t ime o f  the year  ( l a t e  summer 
and autumn) t h a t  a s c a r id s  a re  most f r e q u e n t l y  encountered
89
(T a b le  1 . 4 . ) ,  a p a t t e r n  t h a t  has been recorded in Denmark 
as w e l l  ( M e l c h io r s ,  1963)* I t  is  i n t e r e s t i n g  to  note  t h a t  
the  q u a n t i t y  o f  l i v e r  t i s s u e  condemned as u n f i t  f o r  human 
consumpt ion because o f  ' m i l k - s p o t '  is  a l s o  maximal d u r in g  
l a t e  summer (Fagerberg  and Persson, I960; Roneus, 1966;
A l m l o f ,  B jo r k lu n d  and H en r icso n ,  1968).  These patches o f  
w h i t e  f i b r o u s  t i s s u e  a re  o f t e n  caused by m ig r a t i n g  A. suum 
la r v a e  ( v id e  rev ie w  by B i n d s e i l ,  1967), a l th o u g h  these le s io n s  
may sometimes r e s u l t  f rom a form o f  v i s c e r a l  l a r v a l  migrans 
caused by ca n in e ,  f e l i n e  o r  equ ine  a s c a r id s  (Done, Richardson  
and Gibson,  I960;  Roneus, 1966).  The l a t t e r  a u th o r  postu lates 
t h a t  the  inc reased i n c id e n c e  may be a r e s u l t  o f  the  warm 
summer weather s t i m u l a t i n g  f a s t e r  m a tu r a t io n  o f  the Ascar i s 
ova and hence p r o v id i n g  a g r e a t e r  c h a l le n g e .  Th is  i s ,  how­
eve r ,  d i f f i c u l t  to  b e l i e v e  as most p ig -houses  m a in ta in  a 
w i n t e r  tem pera tu re  h igh  enough to  a l l o w  r a p id  development o f  
the  eggs. On the  o t h e r  hand, t h e  sugges t ion  made by A lm lo f ,  
B jo r k lu n d  and Henr icson (1968) t h a t  the l i v e r  spots r e f l e c t  
the general  n o n - s p e c i f i c  r e s i s t a n c e  o f  the  h o s t ,  wh ich  is 
g r e a t e r  in the  summer, is  no t  c o n s i s t e n t  w i t h  the f i n d i n g s  o f
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the  p resen t  s tudy  as t h e r e  a re  more, no t  l e s s ,  p a r a s i t e s  
reach ing  m a t u r i t y  a t  t h i s  t im e .
I t  has been s ta te d  e a r l i e r  t h a t  the  low inc id ence  o f  
A. suum in o l d e r  s to c k  a lm os t  c e r t a i n l y  i n d i c a te s  the  
a c q u i s i t i o n  o f  an immuni ty .  Y e t ,  G I t t e r ,  Kidd and Davies 
( 1965) have put  fo rward  the  theo ry  t h a t  t h i s  Is due to  
the widespread use o f  t h e  p i p e r a z in e  a n t h e l m i n t i c s .  Th is  
cannot  be t r u e  in Denmark as ,  w i t h  the  e x c e p t io n  o f  two 
campaigns aimed a t  c o n t r o l l i n g  t h i s  p a r a s i t e  in lo c a l  
reg ions  (M e lc h io r s ,  1963; Mandrup, 1965),  a s c a r I c i d e s  have 
not  been r o u t i n e l y  a d m in i s te re d  in t h a t  c o u n t r y .  The use 
o f  these  compounds i s  u n l i k e l y  to  have in f lu e n c e d  the  r e s u l t s  
o f  the  Danish su rvey ,  bu t  the  same t r e n d ,  wh ich  is seen a l l  
over  Europe,  was d e te c te d .  The p ip e r a z in e  s a l t s  a re  no t  
e f f e c t i v e  a g a in s t  T r 1c h u r i s , so t h a t  they cannot  be 
re s p o n s ib le  f o r  the s i m i l a r  age in c id ence  d is p la y e d  by t h i s  
p a r a s i te .
S ince the  f re q u e n c ie s  o f  a s c a r i a s i s  and t r i c h u r i a s i s  
a re  much g r e a t e r  in f a t t e n i n g  p igs  than in a d u l t s ,  i t  is
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obv ious  t h a t  not  a l l  o f  the i n f e c t i o n s  in the  younger p igs 
cou ld  have been c o n t r a c t e d  f rom the  dam. The la r v a e  o f  
both genera remain w i t h i n  the  egg u n t i l  t h i s  is  eaten by a 
p o t e n t i a l  hos t .  Thus p r o te c t e d ,  the  i n f e c t i v e  forms are  
e x t rem e ly  r e s i s t a n t  to  u n fa v o u ra b le  env i ronmenta l  c o n d i t i o n s  
and can remain v i a b l e  f o r  f o u r  to  f i v e  years .  In a d d i t i o n ,  
a s c a r id  ova have adhes ive  p r o p e r t i e s .  I t  seems l i k e l y  
t h e r e f o r e  t h a t  the  mechanical  t r a n s p o r t  o f  ova f rom the  
h e a v i l y  i n f e s te d  f a t t e n i n g  house to  the  m a t e r n i t y  u n i t  is 
a ve ry  im p o r tan t  mechanism f o r  the  t r a n s f e r  o f  these 
i n f e c t i o n s  to success ive  g e n e ra t i o n s  o f  the hos t  spec ies .  
K e l l e y ,  Sumpt ion,  Adams and Olsen (1959) f a i l e d  to  e l i m i n a t e  
A. suum from p i g l e t s  by t r e a t i n g  the  dam w i t h  an a s c a r i c i d e  
and moving her t o  a c lean  pas tu re  b e fo re  f a r r o w in g .  Th is  
b i o l o g i c a l  pathway is q u i t e  d i f f e r e n t  f rom t h a t  employed 
by the  g a s t r o - i n t e s t i n a l  s t r o n g y l a t e  p a r a s i t e s  wh ich  e x p l o i t  
the sow as a means o f  e n s u r in g  the  p e r p e tu a t i o n  o f  t h e i r  
spec ies  (Chapte r  2 ) ,
1 . 3 . 8 . The R e c o g n i t i o n  o f  Oe. q u a d r i s p in u la tu m
D e t a i l e d  d e s c r i p t i o n s  o f  the  a d u l t  forms o f  Oe. dentatum
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and Oe. q u a d r i s p in u la tu m  have been recorded  by Goodey ( 1924a, 
1925) ,  Ozerka ja  (1930 ) .  M i k a S i f  (1 937 ) ,  Bobkova (1957) ,  
Schmeer (1958) and L inzcano H e r re ra  (1958).  These papers 
have been reviewed com prehens ive ly  by Haupt ( I 966) who 
also p ro v ides  the  r e s u l t s  o f  h i s  own m o rp ho lo g ica l  examina­
t i o n s .
The two spec ies  a re  e a s i l y  d i f f e r e n t i a t e d . .  The t a i l  
o f  the  female Oe. q u a d r i s p in u la tu m  is marked ly  lo n ge r  than 
t h a t  o f  Oe. den ta tum , w h i l s t  the  s p i c u le s  o f  the  male o f  the 
former spec ies  are  s h o r t e r  (Tab le  1 . 1 1 . ) .  A d d i t i o n a l  p o in t s  
o f  d i f f e r e n c e  a re  the  ' h a n d le '  o f  the  gubernaculum ( l o n g e r  
in Oe. den ta tum) and the  shape o f  the  a n t e r i o r  p o r t i o n  o f  
the  oesophagus (b o th  the  inner  and o u t e r  w a l l s  a re  more 
g l o b u l a r  in Oe. q u a d r i s p in u l a t u m ).  These fe a tu r e s  a re  
i l l u s t r a t e d  in d rawings  made f rom oesophagostomes c o l l e c t e d  
d u r i n g  the  S c o t t i s h  su rvey  (F ig s .  1.1.  and 1 . 2 . )
In the  p resen t  i n s ta n c e ,  i d e n t i f i c a t i o n  o f  the  spec ies 
presented  no problem as th e re  were severa l  m o rp ho lo g ica l  
c h a r a c t e r i s t i c s  on wh ich  a d ia g n o s is  co u ld  be made. When
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c l a s s i f i c a t i o n  depends on the  r e c o g n i t i o n  o f  a s i n g l e  
f e a t u r e ,  more ca re  Is necessary .  Even w i t h i n  a homogenous 
p o p u la t i o n ,  i n d i v i d u a l  v a r i a t i o n  In the  d imensions o f  one 
p a r t i c u l a r  organ can be q u i t e  c o n s id e ra b le .  One canno t ,  
t h e r e f o r e ,  compare two worms and pronounce them to  be 
sep a ra te  spec ies on the  b as is  o f  one measurement. In 
o r d e r  to  g iv e  a c o n f i d e n t  judgement one must c o l l e c t  a 
number o f  specimens,  e s t im a te  the  s i z e  o f  the  r e l e v a n t  
p a r t  o f  the  body o f  each and ana lyse  these data  in such 
a way t h a t  the  presence o r  absence o f  two independent  
p o p u la t i o n s  w i l l  become a pp a ren t .  An example o f  t h i s  
p r i n c i p l e  Is shown in F ig .  1 . 1 9 . ,  wh ich  shows the  t a i l  
and s p i c u l e  len g ths  o f  100 female and 100 male 
oesophagostomes taken a t  random from the  c o l l e c t i o n  made 
d u r in g  the  S c o t t i s h  su rvey .  Th is  in fo r m a t i o n  has been 
d is p la y e d  as a h is tog ram  compar ing the f requency  o f  
occu r rence  o f  organs w i t h  s p e c i f i c  d imens ions .  I t  is  
q u i t e  obv ious  t h a t  two se pa ra te  p o p u la t i o n s  a re  p resen t  as 
two normal d i s t r i b u t i o n  cu rves  were formed. One female 
f e l l  o u t w l t h  th e  general  p a t t e r n .  A b e r ra n t  female 
Oe. dentatum w i t h  s h o r t  t a i l s  have been noted by most o f
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the  a u th o rs  c i t e d  above.
The dem on s t ra t ion  o f  two p o p u la t i o n s  does not  neces­
s a r i l y  imply the  presence o f  two sp ec ies .  The r e l a t i v e  
s i z e s  o f  two organs ( e . g .  t a i l  l e n g th  and body le n g th )  
may no t  be c o ns ta n t  th rou gho u t  the  l i f e  o f  the  nematode 
( I n g l i s ,  1954).  Thus,  o n l y  worms o f  the  same stage o f  
development shou ld  be compared in t h i s  way. In a d d i t i o n ,  
hos t  f a c t o r s ,  e s p e c i a l l y  immuni ty ,  may a l t e r  the phys ica l  
form o f  the  p a r a s i t e .  The v u l v a l  f l a p  o f  O s t e r t a q ia  
o s t e r t a q i , f o r  example,  is  s m a l l e r  in those  females e x i s t ­
ing in an Immune animal  ( M ic h e l ,  1967a).
In the  p re sen t  s tu d y ,  f i n a l  c o n f i r m a t i o n  o f  the  
d e c i s i o n  t h a t  t h e r e  were two spec ies  p resen t  In the  
m a te r ia l  was p ro v ide d  by the  observed b reed ing  behav iou r  
o f  the  worms. C o p u la t io n  was o n l y  seen to  take  p lace  
between members o f  the  same m orpho log ica l  t ype ,  even in 
those  p a r ts  o f  the  i n t e s t i n e  c o - i n h a b i t e d  by both forms.
1. 3 . 9 . P r e d i l e c t i o n  S i t e s
The g a s t r o - i n t e s t i n a l  t r a c t  o f  the  p ig  may be regarded
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as an ecosystem In the  same way as a sand-dune o r  a d i t c h .  
The r u le s  o f  eco logy  shou ld ,  t h e r e f o r e ,  app ly  to  popu la ­
tions o f  p a r a s i t i c  nematodes. One such concept  is the 
p r i n c i p l e  o f  the  e c o lo g i c a l  n ich e .  Th is  term may be 
d e f i n e d  as the  summation o f  the  p hys i ca l  and b i o l o g i c a l  
f a c t o r s  re q u i r e d  f o r  the main tenance o f  any p a r t i c u l a r  
s p e c ie s .  I f  two an imals  have i d e n t i c a l  requ irem ents  they 
w i l l  be in d i r e c t  c o m p e t i t i o n .  Under these c o n d i t i o n s ,  
one spec ies w i l l  be b e t t e r  s u i t e d  to  i t s  env i ronment  and 
w i l l ,  ove r  the  course  o f  e v o l u t i o n a r y  t im e ,  r e p la c e  the  
o t h e r  un less  d iv e rge nce  o f  h a b i t s  e l i m i n a t e s  antagon ism. 
Thus,  In a s t a b le  ecosystem, each n iche  w i l l  be f i l l e d  by 
o n l y  one spec ies .
Schad ( 1963, 1966) has t e s te d  these  hypotheses in 
the European t o r t o i s e  wh ich  harbours  e i g h t  spec ies  o f  the 
o x y u r o id  genus Tachyqonet r  ia in the  c o lon .  i t  became 
apparent  t h a t  even in t h i s  smal l  volume most spec ies  had 
t h e i r  own geog raph ica l  t e r i t o r i e s .  Where o v e r l a p p in g  d id  
o c c u r ,  the  c o h a b i t i n g  spec ies  had d i f f e r e n t  fee d in g  h a b i t s .  
An e x a c t l y  s i m i l a r  s i t u a t i o n  happens in the  d i g e s t i v e  t r a c t
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I o f  the  p ig .
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Tab le  1.12. shows the  p r e d i l e c t i o n  s i t e  o f  each o f  the  
j g a s t r o - i n t e s t i n a l  nematodes commonly found in European p igs .
Each worm occup ie s  i t s  own e x c l u s i v e  p o s i t i o n  w i t h  the
e xcep t io n  o f  T. s u is  and Oe. q u a d r i s p in u l a t u m . These are
I
I both  found in the  caecum and proximal  p a r t  o f  the c o lo n .
The two genera a re  presumably a b le  to  c o e x i s t  because t h e i r
d i f f e r e n t  fee d in g  h a b i t s  p re c lud e  s e r io u s  c o m p e t i t i o n ,
T r i c h u r i s  be ing  found w i t h  i t s  a n t e r i o r  p o r t i o n  b u r ie d  in 
the t i s s u e s  o f  the  h o s t ,  w h i l s t  Oesophagostomum a d u l t s  l i e  
a g a in s t  the  mucosal w a l l  w i t h o u t  p e n e t r a t i n g  the s u r fa c e .
C h a p t e r  2
OBSERVATIONS ON THE EPIDEMIOLOGY OF PORCINE OESOPHAGOSTOMIASIS:
THE PERI PARTURIENT EGG-RISE
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INTRODUCTION
The pos t  mortem survey d e s c r ib e d  in Chapter  1 revea led  
t h a t  the  commonest nematode p a r a s i t e  o f  the  domest ic  p ig  in 
B r i t a i n  is  Oesophaqostomum. I t  was shown t h a t  a d u l t  p igs  
a re  in general  more h e a v i l y  p a r a s i t i z e d  w i t h  t h i s  genus than 
growing p ig s .  These f i n d i n g s  a re  con f i rm ed  by egg-count  
da ta  recorded by Davidson and T a f f s  (1965) and G i t t e r ,
Gibson,  Kidd and Davies (1966 ) .  O r i g i n a l  work per formed in 
Denmark and the  e xpe r ien ces  o f  a number o f  c o n t i n e n t a l  wo rkers  
( VIde Chapter  1) suggest  t h a t  the  p a t t e r n s  o f  i n f e c t i o n  seen 
in the  Un i ted  Kingdom a re  common to  the  whole  o f  Europe.
The a d u l t  p ig  is  thus an im po r tan t  r e s e r v o i r  o f  i n f e c t i o n  
f o r  Oesophaqostomum spp.  An e v a l u a t i o n  o f  the  p o s s i b l e  
s i g n i f i c a n c e  o f  sows and boars in the ep idem io logy  o f  p o r c in e  
oesophagos tomias is  on the  farm was t h e r e f o r e  a t te m p ted .  I t  
soon became c l e a r  t h a t  the  faeca l  ' s t r o n g y l e *  egg-counts  o f  
sows undergo c y c l i c a l  f l u c t u a t i o n s  in a s s o c i a t i o n  w i t h  the  
r e p r o d u c t i v e  c y c l e ,  and t h e r e a f t e r  a t t e n t i o n  was c o nc e n t ra te d  
on t h i s  one f a c e t  o f  n a t u r a l  i n f e s t a t i o n s .
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MATERIALS AND METHODS
2 . 1 . 1 .  Farms V î s 1 ted 
Farm B:
Th is  e s ta b l i s h m e n t  was s i t u a t e d  in Dumbar tonsh ire  near 
the  v i l l a g e  o f  Hardgate.  I t  was a commercial  p ig  b re ed in g  
and f a t t e n i n g  u n i t  co m p r is in g  30-40 sows and g i l t s ,  t h r e e  
boars and 150-200 f a t t e n i n g  p igs  which were s la u g h te re d  a t  
po rke r  w e ig h t .  The Large Wh i te  breed predomina ted ,  bu t  
some animals  were Landrace,  Wessex Saddleback o r  v a r io u s  
c rosses .
A f t e r  s e r v i c e ,  a d u l t  females were e i t h e r  kept  in 
groups o f  10-15 in pens w i t h  c o n c re te  f l o o r s  and a small  
hu t  f o r  s h e l t e r ,  o r  put  on to  grass in a 15 ac re '  f i e l d .
When p a r t u r i t i o n  was imminent ,  the  b reed in g  females were 
b rough t  i n t o  the  f a r r o w in g  house. T h is  was a b u i l d i n g  
based on the  des ign  o f  the  Danish f a t t e n i n g  house w i t h  a 
ce n t ra l '  fee d in g  passage pass ing  between two rows o f  pens, 
each w i t h  a dung ing passage a long  the  e x te r n a l  w a l l .  Each 
pen measured about  t h r e e  metres square and c o n ta in e d  the  
usual f a c i l i t i e s  such as an i n f r a - r e d  lamp and c reep feed 
f o r  the  p i g l e t s .  Weaning took  p la ce  between the s i x t h  
and e ig h t h  weeks o f  l i f e .
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A l l  the p igs were fed s w i l l  prepared f rom ho te l  waste 
w i t h  the  e xcep t io n  o f  the  s u c k l i n g  p igs  and the  sows a t  
pas tu re .  These were p rov ided  w i t h  s u i t a b l e  commercial  
c o n c e n t r a te  r a t i o n s .  The indoor accommodation was swept 
d a i l y ,  the  ou tdoo r  pens r a t h e r  le ss  f r e q u e n t l y .  The general  
s tandard  o f  hygiene and the  upkeep o f  the  b u i l d i n g s  was poor.  
Faecal m a te r ia l  f rom the p igs  was s tacked on a spare patch o f  
ground immed ia te ly  a d ja c e n t  to  the f a r ro w in g  house.
A n t h e l m i n t i c s  were not  used on the  farm d u r in g  the 
course  o f  these  s t u d ie s .
Farm C:
A second farm in the  area o f  Hardgate was v i s i t e d .  Th is  
e n t e r p r i s e  was p r i m a r i l y  a b reed ing  u n i t ,  most o f  the progeny 
be ing so ld  a f t e r  weaning a t  seven to  e i g h t  weeks o l d ,  a l though 
a few were kept  on to  po rke r  w e ig h t .  The herd was composed of  
around 40 Large Wh i te  sows and one boar.  The pregnant  animals 
were e i t h e r  kept  In a co n c re te  pen which p rov ided  s u f f i c i e n t  
accommodation f o r  e i g h t  to  ten  sows and g i l t s ,  o r  they  were 
put  o u t  to grass .  Most o f t e n ,  a t h r e e  acre  paddock was used, 
but o c c a s i o n a l l y  other f i e l d s  were se t  as id e  f o r  t h i s  purpose.
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The pigs were b rough t  in ' about  10-14 days b e fo re  p a r t u r i t i o n  
wh ich  took  p la ce  in a f a r r o w in g  c r a t e  b u i l t  I n to  a former
r a i lw a y  coach.  The sow and her l i t t e r  were then moved to
a wooden hut  wh ich  was t r i a n g u l a r  in c r o s s - s e c t i o n  and had 
a small  c o nc re te  run o u t s i d e .
The s tandard  o f  c l e a n l i n e s s  was much s u p e r i o r  to  
Farm B, bu t  the  c o n s t r u c t i o n  o f  the  huts made thorough  
removal o f  faeca l  m a te r i a l  im poss ib le .  A p p re c ia b le  worm 
burdens had b u i l t  up even though the  herd was supposed ly 
spec I f I c - p a t h o g e n - f r e e .  The s to c k  was wormed o n l y  when 
one o f  the  p ig s  was observed to  pass an a s c a r i d ,  Th is  d id
not  happen d u r in g  the  course  o f  these s t u d ie s .
Farm EC:
A ls o  s e le c te d  was a herd o f  l40 Large Whi te  b reed in g  
sows loca ted  between Glasgow and K i r k i n t i l l o c h .  Here the 
p regnant  an imals were kept  indoors  in sow s t a l l s  on d ry  
c o n c re te  w i t h o u t  bedd ing.  They were c leaned o u t  tw ice  
d a i l y ,  the  general  s tandard  o f  hygiene on the  farm be ing 
much above average.  Young g i l t s  were kept  in  groups o f  
20 on deep l i t t e r .  One week b e fo re  the  expected da te  o f
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p a r t u r i t i o n ,  the  p igs  were moved to  f a r r o w in g  boxes o r  
c r a t e s .  A v a r i e t y  o f  co nve r ted  loose boxes e t c .  were in 
use f o r  most o f  the  p e r io d  o f  o b s e r v a t i o n ,  bu t  l a t t e r l y  a 
f a r r o w in g  house was b roug h t  i n t o  o p e r a t i o n .  T h is  housed 
20 sows in i n d i v i d u a l  c r a t e s  w i t h  u n d e r f l o o r  h e a t in g .
Weaning was performed between the  s i x t h  and e i g h t h  weeks 
a f t e r  b i r t h ,  when the  p i g l e t s  were taken to  a no th e r  farm 
f o r  f a t t e n i n g .
The form o f  management o u t l i n e d  in the  p re v io u s  para­
graph had been in t rodu ce d  j u s t  one year p r i o r  to  the  s t a r t  
o f  t h i s  s tudy .  B e fo re ,  the  i n - p i g  sows and g i l t s  had been 
kept  a t  g rass .  A severe o u tb re a k  o f  the  ' f a d i n g  sow syndrome' 
had o ccu r re d  and the  f a r m e r ' s  v e t e r i n a r y  a d v i s e rs  had diagnosed 
g a s t r o - i n t e s t i n a l  h e l m i n t h i a s i s .  A l l  the  p igs  on the  farm 
were immed ia te ly  t r e a t e d  w i t h  t h ia b e n d a z o le  (T h ib e n z o le ,  Merck 
Sharp and Dohme, L t d . ) ,  and t h e r e a f t e r  each sow o r  g i l t  was 
dosed w i t h  a t h ia b e n d a z o le - p i c a d e x  m ix tu r e  ( T h i p r a z o l e ,  Merck 
Sharp and Dohme, L t d . )  one week b e fo re  f a r r o w in g .  The sow 
s t a l l s  were e re c te d  and the  s tock  removed f rom the  f i e l d s .
An immediate response was no ted ,  a l t ho u gh  the herd d id  not  
re ga in  i t s  former f i r s t  c l a s s  c o n d i t i o n  u n t i l  t r e a tm e n t  had
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co n t in u ed  f o r  two years .
Farm MJK:
Th is  was a s m a l l h o ld i n g  s i t u a t e d  near the  v i l l a g e  o f  
Borup to  the  sou th -wes t  o f  Copenhagen, Denmark, F i f t e e n  
sows were kept  in s t a l l s  in one very  o l d  b u i l d i n g  and were 
moved to  loose boxes f o r  f a r r o w in g .  The p i g l e t s  were so ld  
as weaners a t  s i x  weeks o f  age. The standard  o f  hygiene was 
l a x ,  and a n t h e l m i n t i c  the rapy  was never implemented,
2 , 1 , 2 .  Sources o f  Post-Mortem M a te r ia l
The i n t e s t i n e s  o f  15 sows were c o l l e c t e d  f rom the  
R o s k i ld e  A n d e l s s v i n e s l a g t e r i  ( R o s k i l d e  C o -o p e ra t i v e  Bacon 
F a c to r y ) .  The an imals  s e le c te d  were e i t h e r  non-p regnant  o r  
in the  ve ry  e a r l y  s tages o f  pregnancy, A f u r t h e r  14 se ts  o f  
i n t e s t i n e s  were gathered  f rom M d f o d e r f a b r i k k e n  ' S j a e l l a n d '  
(The 'Z e a la n d '  Meat and Bone-meal F a c to r y ) .  These o r ig in a te d  
f rom sows s la u g h te re d  as c a s u a l t i e s  a t  about  the  t ime o f  
p a r t u r i t i o n .  The two a b a t t o i r s  served the  same area o f  
Denmark and so drew sows f rom the  same p o p u la t i o n  o f  p ig s .
The sows were a l l  r e j e c t s  f rom the  n a t i o n a l  herd.  The 
f i r s t  group had a l l  produced one o r  more l i t t e r s  and had been
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c u l l e d  f o r  a v a r i e t y  o f  reasons such as poor b reed ing  
c h a r a c t e r i s t i c s ,  lameness,  o l d  age,  bad temperament e t c . ,  
whereas the  c a s u a l t i e s  were m o s t ly  des t royed  as a 
consequence o f  o b s t e t r i c a l  mishaps (Appendix 2, Tab le  7) .
2 . 1 . 3 .  Exper imenta l  Designs
The f i r s t  phase o f  the  p r o j e c t  was devoted to  a 
general  survey o f  the  d i s t r i b u t i o n  o f  Oesophaqostomum 
in f e c t i o n s  w i t h i n  two herds o f  p i g s ,  t h i s  knowledge be ing 
l a t e r  supplemented by data  gathered  f rom a t h i r d  farm. As 
f l u c t u a t i o n s  in the  egg-counts  o f  b reed ing  females had 
been d e te c te d ,  a d d i t i o n a l  i n f o r m a t i o n  conce rn in g  the  na tu re  
o f  these  v a r i a t i o n s  was o b ta in e d  by the d e t a i l e d  s tudy  o f  
two sows, one o f  wh ich  was su b je c te d  to  a s e r i e s  o f  e x p e r i ­
mental p rocedures.  The p r a c t i c a l  and f i n a n c i a l  d i f f i c u l t i e s  
o f  m a in t a i n i n g  n o n - p r o d u c t i v e  an imals in a h e a v i l y  con tam in ­
a ted env i ronment  p revented  t h i s  p a r t  o f  the  work be ing  pe r ­
formed on a l a r g e r  s c a le .  D i r e c t  o b s e r v a t i o n  o f  an 
Oesophaqostomum p o p u la t i o n  is o n l y  p o s s ib le  a f t e r  the hos t  
has been k i l l e d  and nec rops ied .  The l a s t  i n v e s t i g a t i o n  o f  
the s e r ie s  was t h e r e f o r e  per formed in an a b a t t o i r .
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In v e s t  îqa t  ion 2 . 1 .
Faecal samples were taken f rom a l l  groups o f  p igs  on 
Farms B and C every second week f rom February ,  1965 to  
February ,  1966 f o r  p a r a s i t o l o g i c a l  exam ina t ion  ( v id e  i n f r a ) .  
The r e s u l t s  were expressed in terms o f  averages f o r  the  
year and r e l a t e d  to  the age, sex and r e p r o d u c t i v e  s t a t u s  o f  
the animal  s.
In v e s t  i qa t  ion 2 . 2 .
A l l  the  b reed in g  females on Farm EC were sampled every  
second week th roug hou t  pregnancy f rom November, 1966 to  
February, I 967. Th is  a l low e d  a c l o s e r  s tudy  to  be made o f  the 
faeca l  egg-count  data  f o r  t h i s  p e r iod  o f  the  r e p r o d u c t i v e  
c y c le .  These sows were a l s o  used f o r  an expe r im en t  d e sc r ibe d  
in Chapter  5 o f  t h i s  t h e s i s .
i n v e s t i g a t i o n  2 , 3 .
One sow f rom Farm MJK (MJK 52) was sampled tw ic e  weekly  
f o r  a lmost  the  whole p e r io d  o f  pregnancy and th roug ho u t  the  
f o l l o w i n g  l a c t a t i o n ,  so t h a t  a d e t a i l e d  p i c t u r e  cou ld  be 
compi led  o f  the  f l u c t u a t i o n s  in egg -counts  o c c u r r i n g  in a 
s i n g l e  a n i m a l .
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I n v e s t i g a t i o n  2 , 4 .
Ano ther  sow (MJK 53) was purchased f rom Farm MJK but  
m a in ta ined  on these  same premises.  Faeces were taken a lmost  
e v e ry  day and examined f o r  nematode ova.  The p i g l e t s  produced 
by t h i s  sow were removed soon a f t e r  b i r t h  and suck led  o n to  a 
f o s t e r  dam. T h is  s tudy  and the  nex t  were run c o n c u r r e n t l y  
w i t h  I n v e s t i g a t i o n  2 . 3 . ,  i . e .  f rom November, 1965 to  A p r i l ,  
1966. The egg-counts  o f  a s u c k l i n g  dam (MJK 52) cou ld  t h e r e ­
by be d i r e c t l y  c o n t r a s te d  w i t h  those o f  a female t h a t  had 
been p rem a tu re ly  d ep r i v e d  o f  her  o f f s p r i n g .
i n v e s t i g a t i o n  2 . 5 .
Th is  was a c o n t i n u a t i o n  o f  I n v e s t i g a t i o n  2 .4 .  Sow 
MJK 53 was not  a l lowed  to become pregnant  aga in  and examina­
t i o n s  were co n t in u e d  o ve r  a p e r io d  o f  f i v e  months,  in t h i s
way,  the  egg-counts  o f  a non-p regnan t  sow cou ld  be compared 
w i t h  those  o f  the  b reed ing  female MJK 52. Any i n f l u e n c e  
exe r te d  by the o e s t ro u s  c y c l e  on the  ' s t r o n g y l e '  e g g -o u tp u t
would a l s o  be d e te c te d .
I n v e s t i g a t i o n  2 . 6 .
The sexual  a c t i v i t y  o f  the  non-p regnant  sow MJK 53 was
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l a t e r  m o d i f i e d  by the  a d m i n i s t r a t i o n  o f  hormone p r e p a r a t i o n s .
An a t te m p t  was made to  s t i m u l a t e  a premature  p e r io d  o f  
o es t ro u s  a c t i v i t y  by the  i n j e c t i o n  o f  500 i . u .  serum 
gona do t rop in  and a s i m i l a r  q u a n t i t y  o f  c h o r i o n i c  
g onado t rop in  (Gonadoplex,  Leo Pha rm aceu t i ca ls  L t d . ) .  On 
ano the r  o c c as io n ,  the  onse t  o f  o e s t ru s  was de layed by g i v i n g  
a p ro g e s te r o n e - 1 ike  substance ( n o r e t h i s t e r o n e  a c e t a t e ,  Parke-  
Davis & Co.)  per os a t  a r a t e  o f  26 mg. per  day f o r  seven days.  
L a s t l y ,  ten  d a i l y  doses o f  n o r e t h i s t e r o n e  a c e ta te  were a p p l i e d  
d u r in g  the  I n i t i a l  s tages o f  an o e s t ro u s  e g g - r i s e .  D a i l y  
i n t ra m u s c u la r  i n j e c t i o n s  o f  a d r e n o c o r t i c o t r o p i c  hormone 
(Acton Prolongatum V e t , , F fede r ik sbe rg  Chemical L a b o ra to r i e s  
L t d . )  were g iven  d u r i n g  the  p ro ges te rone  the rapy  to  s im u la te  
a s t a t e  o f  s t r e s s .  The dosage regime was as f o l l o w s :  days 1 
and 2,  225 i . u , ;  days 3 and 4 ,  450 i . u . ;  days 5 and 6,  225 i . u .
In v e s t  i q a t  ion 2 . 7 .
A compar ison was made o f  the  h e lm in th  fauna recovered 
f rom the  s e r i e s  o f  15 sows s la u g h te re d  w h i l s t  they were non- 
p regnan t  o r  in the  ve ry  e a r l y  s tages o f  pregnancy,  and a 
s e r ie s  o f  14 k i l l e d  a t  about  the  t ime o f  p a r t u r i t i o n .
P a r t i c u l a r  emphasis was p laced on the  s i z e  and f e c u n d i t y  o f
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the  female worms. The l a t t e r  parameter  was q u a n t i f i e d  by 
compar ing the faeca l  egg-coun t  w i t h  the numbers o f  female 
worms p resen t  in the  l a r g e  i n t e s t i n e  and was recorded  as 
the number o f  Oesophaqostomum eggs per female worm per 
gramme o f  faeces,  A more s a t i s f a c t o r y  u n i t  would have 
been eggs per female per day,  bu t  i t  was im p o ss ib le  to 
o b t a i n  24 hour faeca l  samples f rom sows s la u g h te re d  as 
casual t i e s .
2 . 1 . 4 .  C o l l e c t i o n  and Trea tment  o f  Faecal Samples
Wherever p o s s i b l e ,  the  farms were v i s i t e d  soon a f t e r  
the f l o o r s  had been c le aned .  The faeca l  samples were 
taken f rom dung pats t h a t  had been d e po s i ted  o n l y  minutes 
p r e v io u s l y  and In t h i s  way c o n ta m in a t i o n  w i t h  f r e e - l i v i n g  
nematodes was avo ided .  I f  any t r a c t a b l e  an imals  had not  
de fa e ca te d ,  m a t e r i a l  was taken d i r e c t l y  f rom the  rectum.
The pregnant  an imals  and f a t t e n e r s  on Farms B and C were 
kept  in l a rg e  pens o r  paddocks under c o n d i t i o n s  t h a t  made 
r e s t r a i n t  and i d e n t i f i c a t i o n  d i f f i c u l t .  A compos i te  sample 
f o r  each group was t h e r e f o r e  taken by p o o l i n g  smal l  
q u a n t i t i e s  o f  faeces f rom as many f re s h  d e p o s i t s  as 
p o s s ib le .  P i g l e t  samples were a l s o  r e p r e s e n t a t i v e  o f  the
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l i t t e r  r a t h e r  than the  i n d i v i d u a l .
Samples were examined by a m o d i f ie d  McMaster method 
(Morgan,  P a rne l l  and R a ysk i ,  1950).  Th is  t echn ique  Is 
s u i t a b l e  f o r  c o u n t i n g  ' s t r o n g y l e '  eggs b u t ,  as a p p l i e d  in 
t h i s  s t u d y ,  does not  p fo v id e  a c c u r a te  r e s u l t s  f o r  Ascar is 
suum, T r i c h u r i  s s u i s , M e ta s t ro n gy lu s  s p p , , B a la n t  id ium co l  i 
c y s t s  o r  E imer ia  spp. o o c y s ts .
The Eqg-Count :
Two grammes o f  faeces were weighed o u t  and put  i n t o  a 
s ie v e  s ta n d in g  in a p o r c e l a i n  bowl .  The faeces were mixed 
w i t h  30 m l , o f  s a tu r a te d  sodium c h l o r i d e  s o l u t i o n .  A 
wooden spoon ensured t h a t  the  s o l i d  clumps o f  m a te r ia l  were 
broken up and the  whole d isp e rse d  in' t he  l i q u i d .  The s ie v e  
was then ra is e d  and a f u r t h e r  30 ml . o f  s a l t  s o l u t i o n  poured 
over  the  remain ing  p a r t i c u l a t e  m a t t e r .  The l i q u i d  was 
t h o r o u g h l y  s t i r r e d  and a smal l  q u a n t i t y  p i p e t t e d  i n t o  the  
chambers o f  the  McMaster s l i d e .  A f t e r  a s h o r t  w h i l e ,  the  
eggs w i t h i n  the  marked areas were counted under the  low 
power o b j e c t i v e  o f  the  s te reo m ic rosco pe .  The r e s u l t i n g  
t o t a l  was m u l t i p l i e d  by 100 to  g iv e  the  number o f  eggs per
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gramme o f  faeces.
In I n v e s t i g a t i o n s  2 . 3 . ,  2 . 4 . ,  2 .5 .  and 2 . 6 , ,  t h i s  
procedure was repeated  fo u r  t imes f o r  every  sample in 
o r d e r  to  inc rease  the  s e n s i t i v i t y  o f  the  t ech n iq ue .
Larva l  C u l t u r e :
In o r d e r  to  e s t im a te  the  r e l a t i v e  numbers o f  
Oesophaqostomum and H. rub idus ova in each sample,  the  
eggs were hatched and c u l t u r e d  as d esc r ibed  in Chapter  1.
The t h i r d  s tage  l a r v a e  were examined under the  s t e r e o ­
mic roscope,  the  two genera be ing  e a s i l y  i d e n t i f i e d  
(Appendix 2 ,  Tab le  1) .
2 . 1 . 5 .  T reatment o f  Post-Mortem M a te r ia l
The h e lm in th s  in each se t  o f  i n t e s t i n e s  were 
recovered by the  techn iq ue s  o u t l i n e d  in Chapter  1, The 
spec ies  were i d e n t i f i e d  and the  sexes separa ted .  The 
l e n g th  o f  each female Oesophaqostomum was e s t im a te d  by means 
o f  an e p id ia s c o p e .  A m a g n i f i e d  image was p r o j e c t e d  o n to  a 
screen and the  d imens ions measured w i t h  an o p is o m e te r .  The 
image o f  a c a l i b r a t e d  g r a t i c u l e  was used to  p ro v id e  the 
necessary co n ve rs io n  f a c t o r .
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2 . 1 . 6 .  Nomenclature
I t  would be advantageous f o r  the  c l a r i t y  o f  the  ensu ing 
t e x t  to  d e f i n e  c e r t a i n  terms t h a t  have been g iven  s p e c ia l  
meanings f o r  the purposes o f  the  p resen t  d i s c u s s io n :
'S t r o n g y le ' :
Th is  word r e f e r s  c o l l e c t i v e l y  to the  nematode super ­
f a m i l i e s ,  T r i c h o s t r o n g y l o i d e a  and S t ro n g y 1o i d e a , w h i l s t  
e x c lu d in g  the  M e ta s t r o n g y lo i d e a .  In the  p re sen t  c o n t e x t ,  
the  term embraces the  genera Oesophagostomum a nd Hyos t rongy lu s  
I t  Is a p a r t i c u l a r l y  use fu l  e xp ress io n  s in c e  these  worms 
p roduce  ova t h a t  a re ,  f o r  p r a c t i c a l  purposes,  i d e n t i c a l .  The 
in v e r te d  commas are  used as t h i s  term is  a d e s i g n a t i o n  o f  
convenience t h a t  is  t e c h n i c a l l y  mean ing less .
P a r t u r l e n t :
Th is  a d j e c t i v e  i n d i c a t e s  a p e r iod  f rom th e  second week 
b e fo re  f a r r o w in g  to  weaning.
P regnant :
Th is  s i g n i f i e s  the  14 weeks f o l l o w i n g  co n c e p t io n .
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RESULTS
2 . 2 . ] .  I n v e s t  i gat  ion 2 . 1 .
Four hundred and e i g h t y - n i n e  faeca l  samples were 
examined f rom Farm B and 364 f rom Farm C over  the 12 
month p e r io d .  Tab le  2 .1 .  shows the  average ' s t r o n g y l e '  
egg -counts  o f  each group o f  p igs  on these fa rms,  and 
Appendices 2 .2 .  and 2 .3 .  t a b u l a t e  the  raw da ta .
The average ' s t r o n g y l e '  egg-count  o f  the  p a r t u r i e n t  
sows on Farm B was 2,850 eggs per gramme o f  faeces ( e . p . g . ) ,  
whereas t h a t  f o r  the  p regnant  an imals was,480 e . p . g .  The 
co r re sp on d ing  f i g u r e s  f o r  Farm C were 736 and 301 e .p . g .
Thus,  the  ' s t r o n g y l e '  e g g -o u tp u t  o f  the  dams was 5 ,9 4  and 2 ,45 
t imes g r e a t e r  than t h a t  o f  the  i n - p i g  females.  The boars 
vo ided  even fewer ova than the  l a t t e r  group.
The r e s u l t s  f o r  the  sows on each farm a re  d is p la y e d  in 
more d e t a i l  in F igu res  2 .1 .  and 2 .2 .  The p a r t u r i e n t  pe r iod  
forms the main body o f  each h is tog ra m ,  each v e r t i c a l  column 
r e p re s e n t in g  the  average f i g u r e  f o r  one week. On e i t h e r  s ide  
are  the  pooled r e s u l t s  f o r  the p regnant  sows. The sampl ing 
methods d id  no t  a l l o w  a breakdown o f  these  da ta  ( v id e  s u p ra ) ,
12
but th is  deficiency was r e c t i f i e d  by I n v e s t i g a t i o n  2 .2 .
Two weeks o r  so b e fo re  f a r r o w in g  too k  p la c e ,  the  egg- 
coun t  s t a r t e d  to  r i s e ,  and i t  c o n t in ued  to  do so u n t i l  a 
maximum was reached d u r i n g  l a c t a t i o n .  A f t e r  the  p i g l e t s  
were removed f rom the  dam, t h e r e  was a speedy r e t u r n  t o  the  
minimal  va lues  o f  pregnancy.  I n v e s t i g a t i o n  2 .3 ,  demonstra ted  
the  inadequacies o f  f o r t n i g h t l y  sampl ing  when s tu d y in g  the  
e g g -o u tp u t  o f  i n d i v i d u a l  sows, and p ro v ide d  the  b as is  f o r  
the  d e c i s i o n  tp  express  the  p resen t  r e s u l t s  in terms o f  herd 
averages r a t h e r  than f o r  s i n g l e  an ima ls .
On Farm B, smal l  q u a n t i t i e s  o f  ' s t r o n g y l e '  eggs were 
noted In the  faeces o f  p i g l e t s  a f t e r  the  t h i r d  week o f  l i f e ,  
whereas on Farm C the  appearance o f  ova was delayed u n t i l  
the  f i f t h  week (Tab le  2 , 2 . ) ,  In both he rds ,  l a r g e r  numbers 
were vo ided  a f t e r  the  s i x t h  week. Many l i t t e r s ,  however,  
showed no ev idence  o f  p a te n t  i n f e c t i o n .  The f a t t e n i n g  p igs  
c a r r i e d  r a t h e r  h e a v ie r  i n f e s t a t i o n s  but  many n e g a t i v e  va lu es  
were o b ta in e d .  On Farm C, the  f i g u r e s  f o r  f a t t e n e r s  and 
i n - p i g  sows were a p p ro x im a te l y  equ a l .
Larva]  c u l t u r e  revea led  t h a t  Farm C was in fe c te d  w i t h  
Qesophaqostomum a lo ne .  The p igs  on Farm B harboured 
H yo s t ro nq y1 us as w e l l ,  bu t  t h i s  genus o n l y  accounted  f o r  
a p p ro x im a te ly  0.2% o f  the  t o t a l  ’ s t r o n g y l e '  e gg -coun t ,
2 . 2 . 2 ,  I n v e s t i g a t i o n  2 . 2 ,
O bse rva t ions  f rom Farm EC gave a d e t a i l e d  a n a l y s i s  o f  
the  p e r iod  o f  pregnancy ( F i g ,  2 , 3 . ) .  No f l u c t u a t i o n s  o f  
a magni tude comparable to  those d esc r ibe d  in the  l a s t  s e c t i o n  
were seen to  occur  d u r in g  t h i s  phase o f  the  c y c le .  A f t e r  
s e r v i c e ,  the  egg o u t p u t  tended to  f a l l ,  r e p r e s e n t in g  a t a i l ­
ing o f f  o f  the  p re v io u s  p e r i p a r t u r l e n t  r i s e ,  w h i l s t  the  
nex t  was presaged by a p re n a ta l  in c rease  in va lu e s .  A t  about  
the  e i g h t h ,  n i n t h  and t e n t h  weeks o f  pregnancy,  a small  
t r a n s i e n t  peak in the  egg-counts  was d e te c te d .
F ig u re  2 .3 ,  was compi led  f rom the  r e s u l t s  o f  312 faeca l  
exa m ina t io ns .  Both Qesophaqostomum and H yo s t ro n q y1 us were 
p resen t  in t h i s  herd ,  bu t  aga in  the  l a t t e r  genus accounted 
f o r  less  than one pe rcen t  o f  the  ' s t r o n g y l e '  egg o u t p u t .  
A s c a r id  and t r i c h u r l d  ova were encountered on ra re  occas ions .
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2 , 2 . 3 .  I n v e s t i g a t i o n  2 . 3 .
The ' s t r o n g y l e '  egg-counts  o b ta in e d  by examining the  
faeces o f  sow tiJK 52 d u r in g  the  f i r s t  h a l f  o f  pregnancy 
were c o n s i s t e n t l y  low (F igu re  2 ,4 . Append ix  2,  Tab le  5 ) ,  
v a r y in g  f rom 50 to  650 e . p . g .  H igher f i g u r e s  were recorded 
in the  second h a l f  o f  pregnancy,  peaks o f  3 , 225 , 2,725 and 
5,750 e . p . g .  o c c u r r i n g  d u r i n g  t h i s  p e r i o d .  Immedia te ly  
b e fo re  p a r t u r i t i o n ,  t h e  coun ts  reached 9 ,075 e . p . g ,  and 
d u r i n g  l a c t a t i o n  maximum va lues  o f  13,800,  15,975,  19,450 
and 17,900 e . p . g ,  were o b ta in e d .  T h is  l a s t  r e s u l t  was 
re p o r te d  f o u r  days a f t e r  the  p i g l e t s  had been weaned. A f t e r  
t h i s  the  o u tp u t  was c o n s i d e r a b l y  reduced rem a in ing  w i t h i n  
the  l i m i t s  225 and 2 ,925  e . p . g ,  f o r  the  nex t  month.
The egg-counts  in the  l a t t e r  p a r t  o f  pregnancy and 
d u r in g  l a c t a t i o n  f l u c t u a t e d  w i t h i n  w ide  l i m i t s  over  s h o r t  
pe r iod s  o f  t im e .  O f te n ,  ascend ing o r  descending  curves  
j o i n e d  several  r e g u l a r l y  spaced p o i n t s .
T h is  sow a ls o  harboured A, suum. The in fe c t io n  was 
p a te n t d u r in g  th e  second h a l f  o f  pregnancy and th ro u g h o u t 
th e  s u c k lin g  p e r io d . Ova co u ld  n o t be dem onstra ted  in  e a r ly
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pregnancy o r  a f t e r  weaning,(Append  Ix  2,  Tab le  5 ) ,
2 . 2 . 4 ,  Inves t  i g a t  ion 2 . 4 .
The egg-count  p a t t e r n  o f  sow MJK 53 b e fo re  and a f t e r  
weaning is d i s p la y e d  In F i g , 2.5, superimposed upon the  graph 
o f  the  r e g u la r  p e r i p a r t u r l e n t  r i s e  as i t  was seen in F ig ,  2,4,  
In t h i s  i n s tan c e ,  the  ' s t r o n g y l e '  egg o u tp u t  behaved in a 
manner s i m i l a r  to  t h a t  o f  sow MJK 52 up t o  the  t im e  o f  
f a r r o w in g .  T h e r e a f t e r ,  no e g g - r i s e  took  p lace .  On the  
c o n t r a r y ,  the  egg-coun t  f e l l  t o  c o m p a r a t i v e l y  low va lu e s .
The h ig h e s t  read ing  o b ta in e d  d u r i n g  the  s i x  weeks f o l l o w i n g  
p a r t u r i t i o n  was 1,425 e . p . g . ,  in c o n t r a s t  t o  the  f i g u r e  o f  
10,625 e . p . g ,  t h a t  had been recorded in l a t e  pregnancy.
2 . 2 . 5 ,  i n v e s t i g a t i o n  2 . 5 ,
A l tho ugh  the  egg-counts  o f  sow MJK 53 remained low 
th rou g ho u t  a l l  o f  th e  f i v e  months o f  t h i s  i n v e s t i g a t i o n ,  
small  t r a n s i e n t  peaks were observed a t  i n t e r v a l s  (F ig s ,  2 ,5 .  
and 2 , 6 . ) .  The f i r s t  o cc u r re d  11 days a f t e r  weaning and 
ano th e r  35 days l a t e r .  The second c o in c id e d  w i t h  a pe r iod  
o f  in tense  o e s t ro u s  a c t i v i t y .  No f u r t h e r  s ig ns  o f  sexual 
behav io u r  were noted u n t i l  the  t h i r d  r i s e  in va lues  took
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p la ce  a f t e r  ano th e r  35 days. A t  t h i s  t im e  some changes in 
the sow's temperament were noted ( e x c i t a b i l i t y ,  some d e s i r e  
to  stand  when ' r i d d e n ' ) ,  bu t  a c l i n i c a l  d ia g n o s is  o f  o e s t ru s  
cou ld  no t  be made w i t h  co n f id e n c e .  T h e r e a f t e r ,  the  phases 
o f  the  hormonal c y c l e  were never obv ious  on in s p e c t i o n .
Yet ,  peaks in the  faeca l  o u tp u t  o f  ' s t r o n g y l e '  ova occur red  
t h r i c e  a t  t h r e e -w e e k ly  i n t e r v a l s  ( F i g .  2 . 6 . ) .  Dur ing  
pe r iod s  when the  animal  was though t  to  be in d i o e s t r u s ,  the  
egg-count  remained below 500 e . p . g .  whereas va lues  o f  1,000 
to  2,000 e . p . g .  were o b ta in e d  when she was though t  to  be in 
season.
2 .2 . 6 .  I n v e s t I  gat  Ion 2 . 6 .
The p a re n te r a l  a d m i n i s t r a t i o n  o f  gona do t rop ins  to  sow 
MJK 53 lengthened the  p e r iod  between the  success ive  peaks 
f rom th r e e  to  s i x  weeks ( F i g .  2 . 7 . ) .
Oral  a p p l i c a t i o n  o f  n o r e t h i s t e r o n e  a c e ta te  not  o n l y  
delayed the occu r rence  o f  an a n t i c i p a t e d  peak bu t  a lso  reduced 
the egg -count  to  ze ro ,  no p o s i t i v e  samples be ing  o b ta in e d  f o r  
ten days (Fig. 2.8. ) .  Du r in g  the  n in e  months t h a t  t h i s  sow was 
under su rve i l lan ce  ( for Inves t iga t ions  2.4. , 2.5. and 2.6.) t h i s  was
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the  o n l y  occas ion  on which  a s e r i e s  o f  n e g a t i v e  r e s u l t s  
was o b ta in e d .  The e g g -o u tp u t  s t a r t e d  to  r i s e  s t e e p ly  s i x  
days a f t e r  the  w i th d raw a l  o f  the  p roges te rone  the rapy .
In the  f i n a l  a t te m p t  t o  m a n ipu la te  the  hormonal balance 
o f  the  hos t ,  the  n o r e t h i s t e r o n e  p re p a r a t i o n  aga in  caused the  
egg-count  to f a l l  immed ia te ly  ( F i g ,  2 .9 . ) ,  A r i s e  in va lues  
d id  f o l l o w  when the  a d r e n o c o r t i c o t r o p i c  hormone was g iv e n ,  
bu t  i t s  magni tude was smal l  in compar ison w i t h  t h a t  o f  the  
two p rev iou s  o e s t ro u s  r i s e s  ( 1,200 e . p . g .  in c o n t r a s t  to  
5,850 and 4,975 e . p . g . ) .
2 . 2 , 7 , I n v e s t i g a t i o n  2 , 7 .
In F ig .  2.10., the  f e c u n d i t y  o f  the  female worms is 
p l o t t e d  a g a in s t  the  magni tude o f  the  co r respon d ing  
Oesophagostomum p o p u la t i o n s .  I t  can be seen t h a t  when o n l y  
c o m p a r a t i v e l y  smal l  numbers o f  worms ( i . e .  le ss  than 900 
females)  a re  p re s e n t ,  much g r e a t e r  numbers o f  eggs a re  produced 
by the  i n d i v i d u a l  females than a re  shed by those b e long ing  to  
l a r g e r  p o p u la t i o n s .
Fecund i t y  f i g u r e s  o b ta in e d  f rom the  non-p regnan t  group o f
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sows a re  rep resen ted  in F ig .  2 .10 .  by c losed  c i r c l e s  and 
the  va lues  f o r  the  p a r t u r i e n t  group a re  shown by c rosses .  
The c i r c l e s  tended to  be c l o s e l y  c l u s t e r e d  about  the  mean, 
w h i l s t  the  c rqsses were s c a t t e r e d  more w id e l y  on e i t h e r
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s id e  o f  t h i s  va lu e  (Appendix 2 ,  Tab le  10).
A t o t a l  o f  2,169 female worms were measured and the  
r e s u l t s  are  d is p la y e d  in Table  2. 3 . and Appendix 2,
Tab le  9 • On average,  the  Oesophagostomum recovered  f rom 
the  p a r t u r i e n t  sows were a p p r e c ia b l y  lo nge r  than  those  
taken f rom the non-pregnant  an im a ls .  In the  case o f  
Oe. den ta tum , t h i s  d i f f e r e n c e  was s t a t i s t i c a l l y  









Feb. 65 — Feb, 66.
Egg-rise
245 examinations 
F — farrowing W—weaning
Fig 2.1 Faecal 'strongyle' egg-counts (herd averages) from sows on Farm B related to the 
stage of the host reproductive cycle. Each vertical column represents one week 










Farm C Feb. 65 —Feb. 66 225 examinations
W — weaned F — fa rrowed
Fig 2.2 Faecal 'strongyle' egg-counts (herd averages) from sows on Farm C related to the 
stage of the host reproductive cycle. Each vertical column represents one week 
On either side of the histogram, the average value during pregnancy
Periparturient Egg-rise
Farm EC N ov.66 —Feb.67 3 12  samples 
S —service F —farrowing
Fig 2.3 Faecal strongyle' egg-counts (herd averages) from sows on Farm EC during 













Effect of Early-weaning 
Non-pregnancy 
FW —farrowing and simultaneous weaning 
Fig 2.5 The shaded area represents the faecal 'strongyle* egg-count of a single 
sow (MKJ 53) whose piglets had been weaned at birth, the unshaded area 




Fig 2.6 Faecal 'strongyle' egg-counts of a non-pregnant sow (MJK 53). This is an 
enlargement of the terminal portion of the corresponding curve on Fig 2.5
Non-pregnant sow
F.S.H
Fig 2.7 The effect of gonadotropins on the faecal 'strongyle' egg-count of a
non-pregnant sow (R/IJK 53}
Progesterone
A .C .T.H .
Fig 2.8 The effect of a progesterone-like 
compound {norethisterone acetate) on 
the faecal 'strongyle* egg-count of a 
non-pregnant sow (MJK 53)
weeks
Fig 2.9 The effect of adrenocorticotropic 
hormone on the faecaf 'strongyle' egg-count 






Fig 2.10 The effects of parasite population size and the reproductive status 
of the host on the fecundity of female Oesophagostomum
T a b l e  2 . 1 .  -  T h e  a v e r a g e  f a e c a l  ‘ s t r o n g y l e *  e g g - c o u n t s
d u r in g the  p e r io d  February , 1965
to  February ,  1966
Farm B Farm C
p a r t u r i e n t  
sows : 2,850 736
Pregnant  
sows : 480 301
Boars : 250 30
F a t t e n e r s ; 114 341
Tab l e 2. 2. -  The, average faeca 1 x ' s t  rongyTe'  ecjq4bo:un:ts
per !od ; February:^; 1965 : to .  F e b ru a ry , 1966
Farm B ..... Farm C,. ....
Up to  1 week o l d ; 0 -
2 weeks o l d  :, 0 0 :u j ':
^ II 11 0
£{. II II 7 0
: v 5  '• 7
6 "  “ 0 0
7 II II 36 25
8 "  “ 0 0
9 II II - 40 , ,.,
Tab le  2 .3 .  -  Comparison o f  the  le n g th s  o f  2,169 female 
Oesophagostomum from two groups o f  Danish p igs
P a r t u r ie n t  Non-pregnant Student  
sows sows "T" Test
— 9. 85 mm. 7.96 mm. p<.01 
fema1 es




2 . 3 , 1. General C o n s id e ra t io n s
P a r a s i t i c  i n f e c t i o n s  as they  occur in the  f i e l d  rep resen t  
e x c ee d in g ly  complex e c o l o g i c a l  systems. The h e lm in th  popu la ­
t i o n  is s ub jec te d  to  an a lm ost  i n f i n i t e  number o f  e x te rn a l  
i n f l u e n c e s .  The hos t  is  no t  in a steady s t a t e  bu t  undergoes 
many p h y s i o l o g i c a l  and p a t h o l o g i c a l  changes a s s oc ia te d  w i t h  
season,  growth and sexual  a c t i v i t y ,  i n t e r c u r r e n t  d isease ,  
n u t r i t i o n  and husbandry and so on.  Each f a c t o r  may p o s s ib l y  
a l t e r  the  worms* h a b i t a t .  The f r e e - l i v i n g  stages o f  the  
s t r o n g y l a t e  nematodes a re  d i r e c t l y  a f f e c t e d  by c l i m a t i c  
c o n d i t i o n s ,  p re da to rs  and a hos t  o f  o th e r  f a c t o r s .  The 
i n f e c t  I v i t y  o f  an area f o r  l i v e s t o c k  is a l s o  dependent  on 
s t o c k in g  r a t e ,  and thus t h e r e  is  a com p l ica ted  i n t e r ­
r e l a t i o n s h i p  between h o s t ,  p a r a s i t e  and env i ronment .
The post  mortem survey  d esc r ibe d  In the  p rev ious  
chap te r  enabled severa l  hypotheses to  be advanced concern ­
ing the  ep idem io lo gy  o f  Oesophagostomum i n f e c t i o n s  in p igs .
I t  was deduced t h a t  the  i n t e n s i t y  o f  i n f e c t i o n  d e c l i n e s  
w i t h  age in f a t t e n i n g  p igs  and t h a t  t h i s  t re nd  is reversed 
l a t e r  in l i f e  so t h a t  mature an imals a re  f r e q u e n t l y  h e a v i l y
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in fested .  I t  was noted tha t  the numbers o f  worms in the lumen 
o f  the in te s t in e  o f  sows var ies  according to the time o f  the  
year.  I t  was r e a l i z e d ,  however, tha t  to study a l l  these  
facets  would involve such a d i l u t i o n  o f  e f f o r t  th a t  no 
information o f  value could emerge from a system governed by 
so many v a r ia b les .  This section o f  the work th e re fo re  s ta r ted  
with  a general epidemiological  survey,  but when i t  became 
obvious that  the output o f  's t ro n g y le '  eggs by sows was 
re la ted  to the reproductive  cyc le ,  the l im i te d  resources that  
were a v a i l a b le  were concentrated on th is  one phenomenon,
2 , 3 , 2 .  The P e r ip a r t u r i e n t  Egg-Rise
The resu l ts  from Farms B and C demonstrated tha t  p a r tu r ie n t  
sows shed greater  numbers o f  ' s t ro n g y le '  ova in t h e i r  faeces 
than do pregnant sows, boars,  p ig le t s  or fa t te n in g  pigs.  
T y p i c a l l y ,  the egg-counts o f  breeding females are low during  
the greater  part  o f  pregnancy but tend to increase during the  
l a t e r  phases, A steep r i s e  in values takes place one or two 
weeks before p a r t u r i t i o n  and th is  trend continues so that  
comparatively massive numbers o f  eggs are  voided during the  
suckl ing period.  Soon a f t e r  weaning there  is a sudden drop to
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t he  minimal  va lues  a s s o c ia te d  w i t h  e a r l y  pregnancy.  These 
o b s e r v a t i o n s  have su bsequen t l y  been con f i rm ed  by Connan 
( B a r n e t t ,  1966),  Davidson (1966 ) ,  Connan (1967a) , Ludvigsen ( 1967), 
Thomas and Smith (1968 ) ,  É a r th  ( I 968) and Schrooyen (1969 ) .
In the  o r i g i n a l  announcement o f  t h i s  d i s c o v e r y  (Jacobs ,
1966a) the  d e s c r i p t i v e  term ' p r e p a r t u r i e n t  e g g - r i s e *  was 
adopted s in ce  the  in c rease  in va lu es  was i n i t i a t e d  b e fo re  
fa r ro w in g  took  p lace ,  Connan ( B a r n e t t ,  1966), however,  chose 
t o  use * ' p o s t p a r t u r i e n t ' ,  presumably because the  maximal 
read ings  occur  d u r i n g  the  t im e  o f  l a c t a t i o n .  For the  sake o f  
co n s i s te n c y  in f u t u r e  p u b l i c a t i o n s ,  Jacobs (1966b) suggested 
t h a t  the  d e s i g n a t i o n  ' p e r i p a r t u r i e n t '  would be an a c c u ra te  
and a c c ep tab le  compromise.  T h is  a d j e c t i v e  has the  
a d d i t i o n a l  advantage t h a t  i t  has no t  been used in d e s c r i p ­
t i o n s  o f  the  s p r i n g  r i s e  o f  sheep and is t h e r e f o r e  a usefu l  
term f o r  com para t ive  essays.  N e v e r th e le s s ,  a f o u r t h  
a l t e r n a t i v e  has s in c e  been added to  the  l i s t :  ' p a r t u r i e n t '
(Thomas and Smith ,  1968).
Twice weekly  sampl ing  o f  the  i n d i v i d u a l  sow MJK 52 
gave r e s u l t s  a p p ro x im a t in g  to  the  general  p i c t u r e  o u t l i n e d
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above. One ad d i t io n a l  fea tu re  was revealed by th is  study: 
the egg-output o f  the sow in the l a t t e r  part  o f  pregnancy 
and during l a c ta t io n  f luc tua te s  w i th in  wide l im i t s  over  
short periods o f  t ime, A s im i la r  observat ion has been made 
by Connan (1967a) who a t t r i b u t e s  the i r r e g u l a r i t i e s  to ' th e  
inherent v a r i a b i l i t y  o f  egg-counts ' .  Examination o f  Fig,  2.4. 
in th is  thes is  w i l l  show that  each upsurge and dec l ine  takes 
several  days and th a t  each component curve is o f ten  compiled 
from several  consecutive observations .  This evidence is not 
consistent  w i th  Connan's explanation but suggests that real  
changes in the egg-output are  tak ing place.
Faecal ana lys is  o f  s in g le  samples taken from sows 
the re fo re  y ie ld s  l i t t l e  information concerning t h e i r  
p a r a s i t i c  status as they may wel l  be shedding 600 e .p .g ,  at  
the time o f  examination and 13,800 e .p .g .  s ix  days l a t e r  
( c f .  MJK 52; 15 .2 .66 ,  and 2 1 . 2 . 6 6 , ,  Appendix 2 ,  Table 5 ) ,  The 
occurrence o f  th is  phenomenon complicates the i n te r p r e t a t io n  
o f  the resu l ts  o f  the f i e l d  t r i a l s  conducted on Farms B and C, 
which were v is i t e d  a t  f o r t n i g h t l y  in te r v a ls .  With such 
infrequent sampling i t  is a matter o f  chance whether the faeces
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a re  taken a t  a t im e  o f  maximal o r  minimal  ova p r o d u c t i o n  
in the  t r a n s i e n t  c y c l e .  By t a k i n g  a s u f f i c i e n t l y  l a rg e  
number o f  samples ove r  a long p e r io d  o f  t im e ,  these  
v a r i a b l e s  average o u t  to  g iv e  a genu ine  impress ion  o f  the  
t r u e  course  o f  even ts  as seen on a herd b a s i s .  The data 
compi led  f o r  i n d i v i d u a l  an ima ls  o r  small  groups o f  an imals  
based on f o r t n i g h t l y  sampl ing  can t h e r e f o r e  be i n a c c u ra te .  
Both Connan ( B a r n e t t ,  1966) and Thomas and Smith ( I 968) 
r e l i e d  on such i n f r e q u e n t  c o l l e c t i o n s  o f  m a t e r i a l ,  Connan 
was a b le  to  show the  occu r re nce  o f  the  p e r i p a r t u r i e n t  r i s e  
in each o f  the  herds he examined.  Thomas and Smith ,  
however,  f a i l e d  in two o f  t h r e e  a t t e m p ts ,  the  numbers o f  
sows under o b s e r v a t i o n  on each occas ion  be ing  15, 10 and 11,
The hypo thes is  t h a t  th e  r e p r o d u c t i v e  a b i l i t y  o f  a 
p a r a s i t e  can be i n t i m a t e l y  l i n k e d  w i t h  t h a t  o f  i t s  hos t  
animal  is no t  novel  as a number o f  examples can be quoted 
f rom the  f i e l d  o f  v e t e r i n a r y  and z o o lo g i c a l  e xp e r ie n ce ,  
Dunsmore (1965) has rev iewed t h i s  s e c to r  o f  the  s c i e n t i f i c  
l i t e r a t u r e .  The s p r i n g  r i s e  o f  sheep was f i r s t  d esc r ibed  by 
T a y l o r  (1935) and has s in c e  been the  s u b je c t  o f  much research
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and discussion.  P a r tu r ie n t  egg-r ises  have a lso been 
demonstrated in c a t t l e  ( P a r n e l l ,  Dunn and Mackintosh,  
1953; C o r t i c e l l i  and L a i ,  I 9 6 0 ) ,  horses (Wetzel ,  c i t .  
Ta y lo r ,  1955), deer (Dunn. 1965) and rabbi ts  (Dunsmore.
1966 ) .
2 . 3 . 3 . The Oestrous Eqq-Rise
Egg-count data from sow MJK 53 demonstrated an 
associat ion between the reproductive capac i ty  o f  
Qesophaqostomum spp. and the oestrous cyc le  o f  the 
host. Larger numbers o f  's t ro n g y le '  ova were shed 
during oestrus than during d ioest rus .
Sows normally become receptive  to the boar every 
t h i r d  week (range: I 8 to 24 days) s t a r t in g  four to nine  
days a f t e r  the cessation o f  l a c ta t io n  (Roberts,  1956).
A substant ia l  m in o r i ty ,  however, d isp lay  i r r e g u l a r i t i e s  
in the cyc le  and c l i n i c a l  d i f f e r e n t i a t i o n  o f  the stages 
is frequently  d i f f i c u l t  or impossible.
In the present study, the f i r s t  r i s e  in the egg- 
counts occurred 11 days a f t e r  weaning, the second 35 
days l a t e r ,  co incid ing wi th  evident oestrus,  and the
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t h i r d  35 days a f t e r  t h i s .  T h e r e a f t e r ,  maxima were 
recorded r e g u l a r l y  every  t h r e e  weeks. Th is  
c i r c u m s t a n t i a l  ev idence  s t r o n g l y  suggests t h a t  the  
pe r iods  o f  r e l a t i v e l y  h igh  nematode egg p ro d u c t i o n  
a re  r e l a t e d  to  o e s t r u s .
In o rd e r  to  t e s t  t h i s  h y p o th e s is ,  severa l  a t te m p ts  
were made to  a l t e r  the t im in g  o f  the  o es t ro u s  c y c le  to  
see whether the  e g g -o u tp u t  would be c o r r e s p o n d in g l y  
m o d i f i e d .  The f i r s t  hormonal i n t e r v e n t i o n  invo lved  the  
i n j e c t i o n  o f  gona do t rop ins  immed ia te ly  a f t e r  an o es t ro u s  
e g g - r i s e .  I t  was a n t i c i p a t e d  t h a t  t h i s  t re a tm e n t  would 
induce a premature p e r io d  o f  sexual  r e c e p t i v e n e s s ,  bu t  no 
c l i n i c a l  response became o bv iou s .  The a r r i v a l  o f  the 
nex t  peak was not  a c c e l e r a t e d  but  markedly re ta r d e d .  
Regular  t h r e e -w e e k ly  r i s e s  were recorded b e fo re  and a f t e r  
t h i s  d i s l o c a t i o n .  These r e s u l t s  a re  d i f f i c u l t  to  e x p l a i n  
bu t  i t  is f e l t  t h a t  the q u a n t i t i e s  o f  FSH and LH t h a t  
were u t i l i z e d  may have been inadequate f o r  a d m i n i s t r a t i o n  
to  an animal w i t h  new, a c t i v e  co rpo ra  1u te a . The h igh  
l e v e l s  o f  p roges te rone  c i r c u l a t i n g  a t  t h i s  t ime may have 
masked the  p s y c h o lo g ic a l  and p h y s i o l o g i c a l  changes
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usually  associated with  the use o f  gonadotropins.  With­
in a few days, the a r t i f i c i a l l y  induced crop o f  f o l l i c l e s  
would have developed to corpora 1utea which would secrete  
yet  more progesterone,  thus prolonging the period before  
the subsequent oestrus.
Oral adm in is t ra t ion  o f  nore th is terone  a ce ta te  also  
delayed the occurrence o f  an a n t ic ip a te d  peak. This may 
have been a consequence o f  the prolonged d ioestrus  caused 
by th is  drug, but the complete disappearance o f  's t ro n g y le '  
eggs from the faeces suggests that the compound may have 
had a d i r e c t  act ion  on the worms. Whatever the mechanism, 
the re s u l t  was an in h ib i to ry  e f f e c t  on ov u la t ion  in the 
female Oesophagostomum. The egg-count rose s teep ly  from 
the s ix th  day a f t e r  the withdrawal o f  the progesterone­
l i k e  compound. Pigs are reported to come into season f i v e  
to seven days a f t e r  the therapy is terminated (Cameron, 1966).
A fu r th e r  p o s s i b i l i t y  that had to be considered was that 
the oestrous r i s e  resu l ted  from the e x c i ta b le  emotional s ta te  
o f  the in-season sow, i . e .  tha t  i t  is a s t r e s s . phenomenon. 
Stimulat ion o f  the adrenal cor tex did produce an increased
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egg-count  in the  d i o e s t r o u s  an im a i ,  bu t  t h i s  was small  in 
compar ison w i t h  t h e  o e s t ro u s  r i s e .  The i n j e c t i o n  o f  
c o r t i c o s t e r o i d s  is  a recogn ized  means o f  e xa g g e ra t in g  the  
faeca l  e g g -o u tp u t  o f  p a r a s i t i z e d  an imals  (M ic h e l ,  1967b).
I t  is  no t  p o s s i b l e  to  e x t r a p o l a t e  t h i s  d e s c r i p t i o n  o f  
an o es t ro u s  e g g - r i s e  to  the  p ig  p o p u la t i o n  in general  as 
o b s e rv a t i o n s  on one animal  may r e f l e c t  an abnormal s i t u a t i o n .  
Be fo re  th e  o e s t ro u s  r i s e  can be accepted as a genuine 
o c c u r re n c e ,  i t s  e x i s t e n c e  must be demonst ra ted in a s e r ie s  
o f  an im a ls .
2 . 3 , 4 , The Mechanism o f  the  P e r i p a r t u r i e n t  Eqq-R ise:  The 
O r i g i n  o f  the  Ova
On a t h e o r e t i c a l  b a s i s ,  t h r e e  hypotheses cou ld  be
advanced to  e x p l a i n  t h e  o r i g i n  o f  the a d d i t i o n a l  eggs shed
d u r in g  the  p e r i p a r t u r i e n t  r i s e .
( 1) I t  cou ld  be argued t h a t  the  worm p o p u la t i o n
produces a c o n s ta n t  number o f  ova d u r in g  each 24 hour 
p e r i o d ,  bu t  t h a t  the  volume o f  faeces vo ided  by the  
hos t  undergoes c y c l i c a l  changes r e l a t e d  to  r e p r o d u c t i v e
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a c t i v i t y .  Such v a r i a t i o n s  would a l t e r  the  co n c e n t ra ­
t i o n  o f  eggs in the  faeca l  samples and d i r e c t l y  
i n f l u e n c e  the  e . p . g .  va lu es .  An increased egg-count  
would be the  r e s u l t  o f  a d im in is h e d  q u a n t i t y  o f  
evacuated m a t e r i a l .  D u r ing  l a c t a t i o n ,  however,  the  
sow consumes f a r  more food than a t  any o th e r  t im e  in 
her  l i f e .  Thus,  a t  the  t ime o f  the  p e r i p a r t u r i e n t  
r i s e ,  food wastes a re  d i l u t i n g  the  worm-egg suspen­
s io n .  Th is  in t u r n  im p l ies  t h a t  the  magni tude o f  the  
r i s e  Is ,  in f a c t ,  g r e a t e r  than would appear f rom 
s tandard  egg-count  d a ta .
(2)  A l t e r n a t i v e l y ,  i t  can be suggested t h a t  the
numbers o f  worms in the  hos t  is a c o n s ta n t  f a c t o r ,  but  
t h a t  the  r e p r o d u c t i v e  c a p a c i t y  o f  the  i n d i v i d u a l  female 
nematodes is  enhanced. In suppo r t  o f  t h i s  Idea,  the  
pos t  mortem s tudy  showed t h a t  the  f e c u n d i t y  o f  
Oesophagostomum is a v a r i a b l e  f u n c t i o n .  When o n l y  
small  numbers o f  worms a re  p resen t  In the  h o s t ,  f o r  
example,  much g r e a t e r  numbers o f  eggs a re  produced by 
the i n d i v i d u a l  females than a re  shed by those  be long-
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îng to  l a r g e r  p o p u la t i o n s .  Th is  r e s u l t  conforms w i t h  
t h a t  o f  Michel  (1967b ) who showed t h a t  O s te r ta g  ja 
o s t e r t a q i  in the  c a l f  produces eggs a t  a r a t e  
c o n s i d e r a b l y  lower than t h a t  o f  which i t  is po ten­
t i a l l y  ca pa b le ,  excep t  in the  case o f  smal l  popu la ­
t i o n s .
Of the  29 sows t h a t  were examined f o r  t h i s  
purpose,  14 were p a r t u r i e n t  a t  the  t ime o f  d ea th ,  the  
rema inder be ing  b re ed in g  sows t h a t  were e i t h e r  non­
pregnant  o r  in the  ve ry  e a r l y  s tages o f  pregnancy.
The groups thus re p re s e n t  the  pe r iods  o f  maximal and 
minimal  egg o u t - p u t .  As i n d i c a te d  p r e v i o u s l y ,  the  
faeca l  egg -coun t  o f  the  p a r t u r i e n t  sow f l u c t u a t e s  
g r e a t l y  o v e r  s h o r t  p e r iod s  o f  t im e ,  and t h i s  is  r e f l e c ­
ted in the f e c u n d i t y  va lues  ( F i g .  2 . 1 0 . ) .  The s c a t t e r  
o f  the  f i g u r e s  f o r  these  sows about  the  mean was g r e a te r  
than t h a t  f o r  va lu es  o b ta in e d  f o r  the  non-p regnan t  
group .  Th is  would i n d i c a t e  t h a t  some changes in the  
f e c u n d i t y  o f  the  i n d i v i d u a l  female worms do' occur,  
as p a r t u r i t i o n  approaches and d u r i n g  l a c t a t i o n .
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I t  may be p o s s i b l e  to  make a d i r e c t  measurement 
o f  the  f e c u n d i t y  o f  female  Qesophaqostomum recovered 
Immediate ly  a f t e r  the  death  o f  the  h o s t .  U n fo r tu n ­
a t e l y ,  I t  Is I m p r a c t i c a b le  to  coun t  the  q u a n t i t y  o f  
eggs in the  u te ru s  as these a re  so numerous^ bu t  
t h e re  a re  I n d i c a t i o n s  t h a t  the  degree o f  o v a r ia n  
a c t i v i t y  cou ld  be es t im a te d  by the  a p p l i c a t i o n  o f  
the  Feulgen method. Th is  s t a i n i n g  techn ique  Is 
s p e c i f i c  f o r  d e s o x y r i b o n u c le i c  a c id  (DNA) which  Is 
found in r e l a t i v e l y  l a r g e  amounts in c e l l s  under­
go ing m u l t i p l i c a t i o n .  The g r e a t e r  the  number o f  
c e l l  d i v i s i o n s ,  the  more DNA p re sen t  In the t i s s u e .
The a u th o r  has t r e a t e d  the  long f l l l m e n t o u s  o v a r i e s  
o f  Qesophaqostomum in t h i s  way and shown t h a t  new 
c e l l s  a re  formed o n l y  a t  the  ve ry  t i p  o f  the  organ .
I t  is a n t i c i p a t e d  t h a t  a g r e a t e r  le n g th  o f  Feulgen 
p o s i t i v e  m a te r i a l  would be found In fecund females than 
In r e l a t i v e l y  q u ie s c e n t  worms, bu t  t h i s  has not  ye t  
been f u l l y  e x p lo re d .  The e x te n t  and I n t e n s i t y  o f
the  DNA p o s i t i v e  area can be measured v i s u a l l y  o r
14by a u to ra d io g ra p h y  us ing  reagents  l a b e l l e d  w i t h  C,
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(3)  L a s t l y ,  i t  m ig h t  be though t  t h a t  t h e  most
im po r ta n t  f a c t o r  in the  p e r i p a r t u r l e n t  r i s e  is an 
inc rease  in the  a b s o lu t e  s i z e  o f  the  p a r a s i t i c  
pop u la t  ion.
Because o f  the  h igh  b i o t i c  p o t e n t i a l  o f  
Qesophaqostomum, pas tu re s  w i l l  be h i g h l y  i n f e c ­
t i v e  f o r  most o f  the ye a r .  For the  same reason,  
b u i l d i n g s  w i l l  harbour l a rg e  numbers o f  l a r v a e  
unless  e x c e p t io n a l  s tandards  o f  hygiene a re  en­
fo r c ed .  There i s ,  t h e r e f o r e ,  ample o p p o r t u n i t y  f o r  
the  b u i l d - u p  o f  l a r g e  i n f e s t a t i o n s  f rom e x te rn a l  
sources.  I t  i’s a l s o  p o s s i b l e ,  however,  t h a t  the  
p o p u la t i o n  s i z e  may be dete rm ined  by the  r a t e  o f  
r e le a se  o f  l a r v a e  i n h i b i t e d  in the  h i s t o t r o p l c  
phase o f  t h e i r  deve lopment .  I t  Is known t h a t  a 
p r o lo n g a t i o n  o f  the  t im e  spent  w i t h i n  the  hos t  
t i s s u e s  is a common f e a t u r e  o f  Qesophaqostomum 
I n f e c t i o n s  in p igs  ( K o t l a n ,  1948; Shorb and 
Sha lkop,  1959).  These re ta rd e d  forms become 
encapsu la ted .  No i n f o r m a t i o n  Is ye t  a v a i l a b l e
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on t h e i r  subsequent  a b i l i t y  t o  comple te  the  l i f e -  
c y c l e .
Naer land (1949) was the  f i r s t  to  suggest  the 
p o t e n t i a l  r o l e  o f  i n h i b i t e d  la rva e  in the  s p r in g  
r i s e  o f  sheep. The o r i g i n a l  the o ry  t h a t  the  r i s e  
cou ld  be a t t r i b u t e d  w h o l l y  to an in c rease  in the  
f e c u n d i t y  o f  the e x i s t i n g  worms ( T a y l o r ,  1935) was 
d isca rde d  when Morgan, Parne l l  and Rayski  (1951) 
demonstra ted  a r i s e  in worm numbers in ewes in the  
s p r i n g .  The increased p a r a s i t i c  burdens were 
e xp la in e d  in terms o f  the  d i r e c t  a c q u i s i t i o n  o f  
new la rv a e  f rom the  p a s tu re ,  bu t  i t  has s in c e  been 
shown t h a t  the  same egg-count  p a t t e r n s  a re  o b ta in e d  
f rom ewes o v e r w in te re d  indoors under c o n d i t i o n s  t h a t  
p rec lud e  t r a n s m is s io n  o f  i n f e c t i o n  (Naerland, 1949; 
Spedding and Brown, 1956; F i e l d ,  Brambel l  and 
Campbel l ,  I960 ;  Connan, 19676; P ro c to r  and Gibbs,  
1968).  Soulsby (1966) and Gfbbs (1967) have pe r ­
formed l a r v a l  coun ts  us ing  t i s s u e  d i g e s t  techn iq ues .  
The numbers o f  i n h i b i t e d  forms d e c l i n e d  r a p i d l y
133
s h o r t l y  b e fo r e  the  r i s e  was due to  take p lace ,  
w h i l s t  the  number o f  a d u l t s  increased p r o p o r t i o n ­
a t e l y .  The f i n d i n g s  o f  Anderson,  Armour,  Jenn ings ,  
R i t c h i e  and U rquha r t  (1965 ) ,  who s tu d ie d  the  
a e t i o l o g y  o f  w i n t e r  o s t e r t a g i a s i s  in c a t t l e ,  suggest  
t h a t  t h e  l a r v a l  i n h i b i t i o n  o f  0.  o s t e r t a g i  may be a 
seasonal r a t h e r  than a h o s t - i n d u c e d  f u n c t i o n .  I t  
would t h e r e f o r e  be i n t e r e s t i n g  to  s tudy  the  
mechanism o f  the  p a r t u r i e n t  r i s e  in autumn lambing 
Dorse t  Horn sheep.
2 . 3 . 5 . The Mechanism o f  the  P e r i p a r t u r i e n t  Eqq-R ise ; 
i t s  T e rm in a t io n
The p e r i p a r t u r l e n t  e g g - r i s e  f i n i s h e s  a b r u p t l y  soon
a f t e r  the  c e s s a t i o n  o f  l a c t a t i o n .  When sow MJK 53 was
weaned p re m a tu re ly ,  the  ' ^ t r o n g y l e *  egg-count  f a i l e d  to
reach i t s  p o s t - p a r t u r l e n t  peak ( F ig .  2 . 5 . ) .  Connan
( I 9 6 /&) has compared the  faeca l  e gg -o u tp u t  o f  b reed in g
sows whose p i g l e t s  had been removed a t  b i r t h ,  a t  fo u r
weeks o f  age and a t  two months.  In each case,  the
t e r m i n a t i o n  o f  the  e g g - r i s e  c o in c id e d  w i t h  weaning.
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But what  changes occur  in the  worm p o p u la t i o n  to  
cause t h i s  d e c l i n e  in the  numbers o f  nematode ova? The 
exam ina t io n  o f  the  Qesophaqostomum recovered f rom the  
two s e r i e s  o f  s la u gh te red  sows enab les an e x p la n a t i o n  to  
be advanced.  At  t h i s  p o i n t  i t  shou ld be e x p la in e d  t h a t  
a l l  the  sows o f  the  s o - c a l l e d  'n o n - p re g n a n t '  group had 
produced one o r  more 1 i t t e r s  in t h e i r  1 i f e - t i m e .  No 
fa rmer w i l l  keep n o n -p ro d u c t i v e  b re ed in g  s tock  longer  
than a b s o l u t e l y  necessary  and i t  may t h e r e f o r e  be 
assumed t h a t  most ,  i f  n o t  a l l ,  o f  the  an imals  o f  t h i s  
s e r i e s  had been l a c t a t i n g  u n t i l  a c o m p a r a t i v e l y  s h o r t  
t ime b e fo re  t h e i r  dea th .  C u l l s  would be s o ld  immed ia te ly  
a f t e r  the  l a s t  l i t t e r  o f  p i g l e t s  had been removed,and few 
sows a re  a l lowed  to  r e t u r n  to  s e r v i c e  more than tw ic e .  
The nematode p o p u la t i o n s  were t h e r e f o r e  in the  ' p o s t -  
weaning'  s tage o f  t h e i r  c y c l i c a l  development.  Y e t ,  the  
average le n g th  o f  these  worms was a p p ro x im a te ly  20% less  
than t h a t  o f  the  females f rom the  p a r t u r i e n t  an im a ls ,  
i t  is u n l i k e l y  t h a t  these  nematodes c o u ld  have shrunk  to
such a degree,  even i f  the  e g g - l a y i n g  females had become
: a
e f f e t e .  The s h o r t e r  p o p u la t i o n  must t h e r e f o r e  rep resen t
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a new Oesophaqostomum g e n e ra t i o n .  Th is  in t u r n  imp] les 
t h a t  the  p o p u la t i o n  r e s p o n s ib l e  f o r  the p reced ing  p e r i -  
p a r t u r i e n t  r i s e  has been e x p e l l e d  from the  h o s t .  Connan 
( 1967a) was a b le  to  dem ons t ra te  an exodus o f  a d u l t  
Qesophaqostomum a t  the  f i f t h  day a f t e r  weaning in a p ro ­
p o r t i o n  o f  h is  sows. The c h a r a c te r  o f  the  p e r i -  
p a r t u r i e n t  e g g - r i s e  is  t h e r e f o r e  in f lu e n c e d  by changes 
in the  nematode p o p u la t i o n  s t r u c t u r e  as w e l l  as by 
v a r i a t i o n s  in f e c u n d i t y .  I t  must be assumed t h a t  the  
new p o p u la t i o n  s t a r t s  to  become e s ta b l i s h e d  b e fo re  the  
fo rmer is e x p e l l e d  as the  'n o n - p re g n a n t '  group o f  sows 
were in many cases a l r e a d y  h a rb o u r in g  s u b s t a n t i a l  numbers 
o f  female worms c o n t a i n i n g  e g g - la id e n  u t e r i .  The e x p u l ­
s ion  t h e r e f o r e  appears to  be a s e l e c t i v e  p rocess ,  e l i m i n a t ­
ing the o l d e r  e g g - l a y i n g  nematodes and no t  the  younger 
d eve lo p ing  worms.
2 . 3 , 6 . The Mechanism o f  the  P e r i p a r t u r l e n t  Eqq -R is e :
I t s  I n i t i â t  ion
Up to  t h i s  p o i n t  in the  d i s s e r t a t i o n ,  the  e x p e r i ­
mental ev idence  t h a t  has been c o l l e c t e d  has p rov ided
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s t ro n g  g u i d e l i n e s  f o r  the  f o r m u l a t i o n  o f  p o s s i b l e  exp lana ­
t i o n s  f o r  th e  observed phenomena. F u r th e r  d i s c u s s io n  must,  
however,  be more s p e c u l a t i v e .  The p o t e n t i a l  c o n t r o l l i n g  
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(1 )  Seasonal I n f l u e n c e s :
In t h i s  c o n t e x t ,  i t  is  i n t e r e s t i n g  to  no te  the  
c o n t ro v e rs y  t h a t  surrounded the  s p r i n g  r i s e  o f  sheep 
f o r  many years .  E a r l y  a u th o rs  assumed t h a t  i t  was 
a seasonal o ccu r re nce  dependent  upon harsh w i n t e r  
c o n d i t i o n s  and an inadequate p lane  o f  n u t r i t i o n ,  
a l th o u g h  the  c h r o n o lo g i c a l  a s s o c i a t i o n  w i t h  the da te  
o f  lambing had been r e a l i z e d  ( P a r n e l l ,  Dunn and 
M ack in tosh ,  1954).  The d is c o v e ry  o f  a s i m i l a r  r i s e  
In the  faeca l  ' s t r o n g y l e '  egg-counts  o f  autumn- lamb­
ing ewes ( C r o f t o n ,  1958) I n d ic a te d  t h a t  the  p r im ary
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s t im u lu s  was a s s o c ia te d  w i t h  p a r t u r i t i o n  r a t h e r  than 
season,  bu t  t h i s  hypo the s is  is  d i f f i c u l t  t o  c o n c i l i a t e  
w i t h  the  f a c t  t h a t  e g g - r i s e s  a lso  o ccu r  in non- 
pregnant  ewes a t  about  the  same t ime as the  re g u la r  
s p r i n g  r i s e  o f  b re e d in g  females ( C r o f t o n ,  1954;
F i e l d ,  Brambel l  and Campbel l ,  I960 ;  P ro c to r  and Gibbs,  
1968) .  The changes in non-p regnan t  sheep, however,  
occu r  less  r e g u l a r l y  and a re  o f  a s m a l le r  magni tude.  
C ro f to n  ( 1958) a l s o  noted t h a t  non-p regnan t  Dorse t  
Horns do not  undergo an e g g - r i s e  in the  autumn and 
concluded t h a t  t h e r e  i s ,  in f a c t ,  a seasonal  r i s e  in 
the  s p r in g  bu t  t h a t  t h i s  is overshadowed by the  much 
l a r g e r  p a r t u r i e n t  r i s e .
Pigs breed th rou g ho u t  the  year and the  p e r i -  
p a r t u r i e n t  e g g - r i s e  is no t  l i m i t e d  to  any season.
The sugges t ion  t h a t  t h i s  phenomenon is p r i m a r i l y  
produced by a p a r t i c u l a r  sequence o f  c l i m a t i c  c o n d i ­
t i o n s  can t h e r e f o r e  be c o n f i d e n t l y  r e j e c t e d .  As w i t h  
sheep, however,  t h e r e  a re  a ls o  seasonal f l u c t u a t i o n s  
in the  s t r o n g y l a t e  fauna o f  b reed ing  females t h a t  are
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Independent  o f  p a r t u r i t i o n  ( v id e  Chapter  1) .
(2 )  Husbandry;
The b reed in g  p ig  is  s u b jec ted  to  g r e a t  changes 
in i t s  env i ronment  d u r in g  the  r e p r o d u c t i v e  c y c le .  
Dur ing  pregnancy,  she is o f t e n  kept  w i t h  a number o f
o th e r  i n - p i g  sows, e i t h e r  in a f i e l d ,  in  a l a r g e  pen
o r  in s t a l l s .  Here,  the  average e g g -o u tp u t  o f  each 
animal  is low bu t  c o n s ta n t  exposure to  r e i n f e c t i o n  is 
l i k e l y ,  e s p e c i a l l y  f rom g rass .  S h o r t l y  b e fo re  
p a r t u r i t i o n  Is due,  the  sow is  p laced in a f a r ro w in g
pen o r  c r a t e .  Th is  accommodation has u s u a l l y  been
th o ro u g h ly  c leaned and d i s i n f e c t e d  and so a t  f i r s t  
t h e r e  is  no f u r t h e r  uptake o f  t h i r d  s tage  la r v a e .  
W i t h i n  seven t o  ten days,  however,  i n f e c t i v e  forms 
have developed f rom ova shed by the  sow h e r s e l f  a f t e r  
ad m i t ta n ce .  The w e ig h t  o f  i n f e c t i o n  b u i l d s  up d u r in g  
l a c t a t i o n  u n t i l  the  sow Is removed f rom her o f f - s p r i n g  
to  j o i n  the  remainder o f  the  herd.
Can these  changes p ro v id e  an e x p l a n a t i o n  f o r  the  
p e r i p a r t u r i e n t  r i s e ?  Under expe r im en ta l  c o n d i t i o n s  a
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l a r g e  l a r v a l  c h a l l e n g e  can d i s p la c e  an e x i s t i n g  
Qesophaqostomum p o p u la t i o n  ( T a f f s ,  1966).  I t  cou ld  
be p o s tu la te d  t h a t  the  removal o f  the sow f rom the 
f a r r o w in g  q u a r t e r s  to m in g le  w i t h  the  herd m igh t  
expose her to  such a c h a l l e n g e .  The t e r m in a t i o n  o f  
the p e r i p a r t u r i e n t  r i s e  would then be a nematode- 
induced immune e x p u l s i o n .  The p r im a ry  i n f e c t i o n  
hav ing  been e l i m i n a t e d ,  a small  re s id u a l  i n f e c ­
t i o n  m a in ta in s  a low egg -coun t .  Newly acqu i red  
l a r v a e  s t a r t  to  a t t a i n  m a t u r i t y  in m id -pregnancy  
and the  egg -count  s t a r t s  to  r i s e .  I n f e s t a t i o n  
c o n t in u es  in a c u m u la t i v e  f a s h io n ,  so t h a t  the  
number o f  ova be ing  shed d u r in g  the s u c k l i n g  p e r iod  
is g re a t  enough to be termed an e g g - r i s e .
T h is  h y p o th e s is  may e x p l a i n  the  p a t t e r n  o f  
e gg -co un ts ,  a l b e i t  r a t h e r  i n a d e q u a te l y ,  bu t  many 
o b j e c t i o n s  can be ra i s e d .  Why should l a r v a l  
c h a l le n g e  a f t e r  weaning d i s p l a c e  the  e x i s t i n g  
p o p u la t i o n  when the  massive numbers inges ted  d u r in g  
s u c k l i n g  do not? I f ,  on the. o th e r  hand, th e re  is
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no massive c h a l le n g e  d u r i n g  l a c t a t i o n ,  why is th e re  
such a l a rg e  inc rease  In egg-count  va lu es  a t  t h i s  
t ime? W h i l s t  th e  env i ronmenta l  c o n d i t i o n s  must 
i n f l u e n c e  the  h o s t - p a r a s i t e  ba lance  to some degree,  
t h i s  e x p la n a t i o n  is c l e a r l y  a gross o v e r -s Im p l  i f i c a -  
t i o n ,
(3 )  N u t r  i t  i o n :
In g e n e ra l ,  the  sow is kept  on a low n u t r i t i o n a l  
p lane  th roughou t  most o f  pregnancy. P r e v io u s l y ,  she 
w i l l  have been 'steamed up' b e fo re  meet ing  the  boar as 
she w i l l  have l o s t  w e ig h t  d u r i n g  l a c t a t i o n  and must 
reg a in  good b o d i l y  c o n d i t i o n  in o rd e r  to  ach ieve  her 
maximal b reed in g  p o t e n t i a l .  She is  a l s o  g iven e x t r a  
r a t i o n s  s h o r t l y  b e fo re  p a r t u r i t i o n ,  and a f t e r w a r d s  her 
food in take  is  a d ju s te d  a c c o rd in g  to  the  amount o f  
m i l k  she is  p rodu c ing .
The ' s t r o n g y l e '  e g g -o u tp u t  is  t h e r e f o r e  approx im­
a t e l y  p r o p o r t i o n a l  t o  the  amount o f  food be ing  g iven  
to  the  hos t .  Th is  is no t  a p hys ica l  r e l a t i o n s h i p  
i n v o l v i n g  the  volume o f  faeces ( v id e  s u p ra ) .  I t  Is
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d i f f i c u l t  t o  b e l i e v e  t h a t  the  worms b e n e f i t  f rom the  
e x t r a  food as they a re  so smal l  in r e l a t i o n  to  the  
amount o f  n u t r i e n t  t h a t  su rrounds them. The apparent  
e f f e c t  o f  the  food must e i t h e r  be i n c i d e n t a l  o r  
mediated v i a  the  h os t .  In e i t h e r  case,  the  t r u e  
s t im u lu s  to  the  per I p a r t u r i e n t  r i s e  w i l l  be found 
under the  o t h e r  head ings .
(4 )  S t r e s s ;
The a d m i n i s t r a t i o n  o f  a d r e n o c o r t i c o t r o p i c  hormone 
to the non-p regnan t  sow caused a small  r i s e  in the 
egg-count  va lu e ,  and o t h e r  a u tho rs  have recorded  
s i m i l a r  r e s u l t s  in o th e r  an imals  (M ic h e l ,  1967b). 
Nematode i n f e c t i o n s  can,  t h e r e f o r e ,  respond to  
a d r e n o c o r t i c a l  a c t i v i t y  by in c re a s in g  t h e i r  rep roduc ­
t i v e  c a p a c i t y .  On the  o th e r  hand, a t te m p ts  to  a l t e r  
the  egg-count  p a t t e r n  o f  bar ren  ewes by the  i n j e c t i o n  
o f  c o r t i c o s t e r o i d s  a t  the  t im e  o f  the s p r i n g  r i s e  
have f a i l e d  (Dunsmore, 1965; Sou lsby ,  1966; and 
Gibbs,  1967).
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Is the sow in a s t a t e  o f  s t r e s s  d u r i n g  the  
p e r io d  o f  the  p e r i p a r t u r i e n t  r i s e ?  T h is  may be the  
case as the  modern p ig  has t o  per fo rm f u n c t i o n s  
q u i t e  unknown to  i t s  w i l d  c o u n t e r p a r t .  The q u a n t i ­
t i e s  o f  m i l k  demanded f rom the  sow a re  so g re a t  
t h a t  she loses up to  20% o f  her  body w e ig h t  d u r i n g  
l a c t a t i o n .  The o e s t ro u s  e g g - r i s e  m ig h t  a l s o  be 
e xp la in e d  in these terms.  Oest rus  is  accompanied 
by b ehav io u ra l  changes and e x c i t a b i l i t y  wh ich  may 
c o n s t i t u t e  p s y c h o lo g ic a l  s t r e s s .  However, i t  m igh t  
be argued t h a t  o e s t r u s ,  p a r t u r i t i o n  and l a c t a t i o n  
a re  normal p h y s i o l o g i c a l  f u n c t i o n s  and would no t  be 
s t r e s s f u l .  I t  is o f  re le van ce  to  no te  t h a t  a bo r ­
t i o n  in ewes is no t  a s s o c ia te d  w i t h  a r i s e  in egg- 
coun ts  (Dunsmore, 1965).
I t  is cons ide red  u n l i k e l y ,  t h e r e f o r e ,  t h a t  
s t r e s s  per se p lays  a ma jor  r o l e  in the  i n i t i a t i o n  
o f  the  p e r i p a r t u r i e n t  e g g - r i s e .
(5 )  Immun i t y :
Connan (196%) has advanced the  h y p o the s is  t h a t
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the  p e r ( p a r t u r i e n t  e g g - r i s e  is i n i t i a t e d  by ' a non­
s p e c i f i c  change in the  immune s t a t u s  o f  the  h o s t * ,  
and t h a t  ’ i t s  t e r m i n a t i o n  is due to the  r e t u r n  o f  
t h i s  hos t  r e s i s t a n c e * .  Soulsby (1957) suggested 
t h a t  the  s p r in g  r i s e  in sheep was a consequence o f  
waning immunity f o l l o w i n g  la c k  o f  a n t i g e n i c  s t i m u l a ­
t i o n  d u r in g  the  w i n t e r  p e r io d .  But  p igs  f a r ro w  a l l  
t he  year  and many a re  exposed to  i n f e c t i o n  th roug h ­
o u t  the  p e r io d  o f  g e s t a t i o n .  Why then should t h e i r  
immunity fade? Why, to o ,  shou ld  i t  r e t u r n  when the 
sow is  in the  w o rs t  p h ys i ca l  c o n d i t i o n ?
H j e l l e  ( 1967) found t h a t  the  plasma immuno­
g l o b u l i n  l e v e l s  o f  p regnant  ewes f e l l  d u r in g  the  
w i n t e r  and Soulsby (1957) noted an in ve rse  r e l a t i o n ­
s h ip  between a n t i b o d y  l e v e l s  and e g g -co un ts ,  bu t  
t h e r e  is no way o f  t e l l i n g  whether  these obse rva ­
t i o n s  a re  r e l a t e d ,  d i r e c t l y  o r  i n d i r e c t l y ,  to  
seasonal f a c t o r s ,  pregnancy o r  n u t r i t i o n .  No 
p a r a l l e l  s t u d ie s  have been performed in the  p ig .
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I t  is  d o u b t f u l  i f  a d e c l i n e  in the  immune s t a t u s  
per  se would produce a r i s e  in the  egg -coun ts .
Soulsby and Owen (1965) demonst ra ted  an e g g - r i s e  
in one o f  f i v e  sheep g iven  c h lo r a m b u c i l ,  an immuno­
suppressan t  d rug ,  bu t  Brunsdon (1966a) and Gibbs ( I 967) 
were unable  to  reproduce  t h i s  e f f e c t  under f i e l d  
cond11 i o n s ,
(6 )  R e p rod u c t ive  Hormones;
The e a r l y  g e s t a t i o n a l  p e r io d  is  c h a r a c t e r i z e d  by 
h igh  p roges te rone  l e v e l s  and low egg -cou n ts .  The 
t e rm in a l  phases o f  pregnancy a re  a s s o c ia te d  w i t h  i n c re a s ­
ing o e s t r o g e n ic  a c t i v i t y  and a r i s i n g  e . p . g .  va lu e .  
Oxy toc in  and r e l a x i n  p la y  im por tan t  r o l e s  about  the  t im e  
o f  p a r t u r i t i o n .  (The l a c t a t i o n a l  hormone, p r o l a c t i n ,  
w i l l  be cons ide red  s e p a r a te l y  in the  nex t  s e c t i o n ) .
A f t e r  weaning,  the  e n d o c r i n o l o g i c a l  rhythms o f  the  
o es t ro u s  c y c l e  come in to  p la y .  The G ra a f ia n  f o l l i c l e  
grows under the  i n f l u e n c e  o f  f o l l i c l e  s t i m u l a t i n g  
hormone (FSH) and s t a r t s  to  produce o es t ro g en .  Ovu la ­
t i o n  o ccurs  30-36 hours a f t e r  the  onse t  o f  o e s t r u s ,
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and l u t e i n i z i n g  hormone (LH) a id s  the  f o r m a t i o n  o f  
the  corpus 1uteum which  in t u r n  generates p roges te rone  
d u r i n g  d i o e s t r u s .
I t  can be i n f e r r e d  f rom t h i s  b r i e f  summary t h a t  
the  p e r i p a r t u r i e n t  and o e s t ro u s  e g g - r i s e s  have some 
c h a r a c t e r i s t i c s  In common. In b o th ,  the  p e r io d s  o f  
min imal  ' s t r o n g y l e '  egg p ro d u c t i o n  c o i n c i d e  w i t h  h igh  
p roges te rone  a c t i v i t y ,  w h i l s t  r i s i n g  egg-counts  occur  
s im u l t a n e o u s l y  w i t h  o e s t r o g e n i c  a c t i v i t y .  The 
n e g a t i v e  faeca l  egg o u tp u t  o f  sow MJK 53 d u r i n g  the 
a d m i n i s t r a t i o n  o f  n o r e t h i s t e r o n e  a c e ta te  suggests 
t h a t  p ro ges te rone  can suppress the  r e p r o d u c t i v e  
c a p a c i t y  o f  Qesophaqostomum p o p u la t i o n s .  Connan (1968) 
t r e a t e d  fo u r  ewes w i t h  p roges te rone  immed ia te ly  a f t e r  
lambing,  but  a t t a i n e d  in c o n c lu s i v e  r e s u l t s .  The 
p a r t u r i e n t  e g g - r i s e  was a p p a r e n t l y  suppressed in two 
an imals and remained u n a l t e r e d  in the  remainder .
Oestrogen may be p a r a s i t o l o g i c a l l y  i n e r t ,  the 
e g g - r i s e  be ing the  consequence o f  the  c e s s a t io n  o f  
p roges te rone  i n h i b i t i o n .  On the  o th e r  hand, i t  may
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a c t i v e l y  enhance the  b i o t i c  p o t e n t i a l  o f  the  
Qesophaqostomum p o p u la t i o n .  Gibbs (1967) 
d esc r ibed  exper iments  in which unbred ewes were 
t r e a t e d  w i t h  d i e t h y l  s t i 1b o e s t r o l . The mean egg- 
coun t  rose f rom 520 e . p . g .  t o  3,980 e . p . g .  w i t h i n  
s i x  weeks, w h i l s t  t h a t  f o r  the  u n t re a te d  c o n t r o l s  
remained below 620 e . p . g .  I n t e r p r e t a t i o n  o f  t h i s  
exper iment  Is co m p l ica te d  by the  f a c t  t h a t  such 
t rea tm e n ts  s t i m u l a t e  mammary development ( v id e  
i n f r a ) . In c o n t r a s t ,  however,  Dunsmore (1965) has 
remarked upon the  absence o f  a p a r t u r i e n t  r i s e  
f o l l o w i n g  a b o r t i o n ,  an even t  which is a l s o  
accompanied by inc reases  in oes t rogen  and o x y t o c i n  
l e v e l s .  Dobson (1964) l i s t s  a number o f  s t u d ie s  
on a v a r i e t y  o f  h o s t - p a r a s I  te  systems each o f  which 
showed t h a t  oes t rogens  in c rease  the  r e s i s t a n c e  o f  
the  hos t  to  nematode i n f e c t i o n s .
(7 )  L a c t a t i o n a l  Hormones:
The main p a r t  o f  the  p e r i p a r t u r i e n t  r i s e  
c o in c id e s  w i t h  the  p e r io d  t h a t  the  hos t  Is p roduc ing
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m i l k .  The c e s s a t io n  o f  l a c t a t i o n  t e r m in a te s  the  
e g g - r i s e  and removal o f  the  p i g l e t s  a t  b i r t h  
p reven ts  i t s  oc c u r re n c e .  A s i m i l a r  r e l a t i o n s h i p  
a p p l i e s  to  the  s p r i n g  r i s e  o f  the  ewe (G ibbs ,  1967; 
Connan, 1968).  Oshima (1961) has drawn a t t e n t i o n  to  
the  p o s s i b l e  i n f l u e n c e  o f  p r o l a c t i n  on the  m ig r a t o r y  
p a t t e r n s  o f  Toxocara can is and t h i s  has led  Dunsmore 
( 1965) t o  s p e c u la te  on the  r o l e  o f  t h i s  hormone in 
the  p resen t  c o n t e x t .  T h is  hypo the s is  w i l l  be very  
d i f f i c u l t  to  prove o r  d i s p r o v e  e x p e r im e n t a l l y  owing 
to  the complex i n t e r - r e l a t i o n s h i p s  between v a r io u s  
r e p r o d u c t i v e  hormones. I n j e c t i o n s  o f  d i e t h y l  
S t  11b o e s t r o l  w i l l  s t i m u l a t e  p r o l a c t i n  g e n e ra t i o n  
(G ibbs ,  1967) ,  and p r o l a c t i n  i t s e l f  is a s s o c ia te d  
w i t h  the  maintenance o f  the  corpus 1uteum and 
p roges te rone  s e c r e t i o n  (R o b e r ts ,  1956).
(8 )  A M u l t i p l e  Con t ro l  :
The f a c t o r s  t h a t  cou ld  p o s s i b l y  de te rm ine  the  
c h a r a c t e r i s t i c s  o f  the  p e r i p a r t u r i e n t  e g g - r i s e  have 
been d iscussed  under seven separa te  head ings .  I t
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Is u n l i k e l y  t h a t  the  c o n t r o l l i n g  f o r c e  w i l l  belong 
to  any one o f  the  above g roup ings .  A l l  the  l i s t e d  
p o s s i b i l i t i e s  w i l l  i n f l u e n c e  the p a r a s i t e s '  e n v i r o n ­
ment to  a g r e a t e r  o r  le s s e r  degree as each a f f e c t s  
the  p h y s i o l o g i c a l  e q u i l i b r i u m  o f  the  h os t .  Some.w i l l  
undoubted ly  p lay  a more im por tan t  r o l e  than o t h e r s .
The c o m p le x i t y  o f  the  system accounts  f o r  the  
co n fu s io n  and c o n t r a d i c t i o n  t h a t  is  seen when the 
a v a i l a b l e  expe r im en ta l  ev idence  is rev iewed.  Fu ture  
work shou ld no t  be d i r e c t e d  towards f i n d i n g  the  
s i n g l e  cause o f  the  p e r i p a r t u r i e n t  o r  s p r i n g  r i s e ,  
bu t  r a t h e r  towards an e v a l u a t i o n  o f  the  c o n t r i b u ­
t i o n  made by each v a r i a b l e .  I t  is  p o s s i b le  t h a t  
such a s tudy  w i l l  revea l  a balanced I n t e r p l a y  between 
the  components,  the  b i o t i c  p o t e n t i a l  o f  the  p a r a s i t e  
changing  In response to  sma l l  changes in the  r e l a t i v e  
in f lu e n c e s  o f  the  oppos ing  hos t  f o r c e s .  Bawden (1969), 
f o r  example,  has i l l u s t r a t e d  how Nematosp iro ides  
dub ius  i n f e c t i o n s  o f  mice a re  dependent  upon the  
p r o t e i n  in ta k e  and hormonal s t a t u s  o f  th e  hos t  as
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w e l l  as the  s t r u c t u r e  and age o f  the nematode popu la ­
t i o n  i t s e l f .
Two examples can be g iven  o f  the  dangers o f  
s ea rch in g  f o r  a s i n g l e  e x p la n a t i o n  f o r  the  e x p e r i ­
mental o b s e r v a t i o n s .  C o n f l i c t i n g  ev idence was 
forwarded s u p p o r t i n g  the  views t h a t  the  s p r i n g  r i s e  
o f  the  ewe was on the  one hand s e a s o n a l l y  induced, 
and on the  o th e r  r e l a t e d  to  the  sexual a c t i v i t i e s  
o f  the  h os t .  I t  i s .now known t h a t  both  p a r t i e s  
were p a r t i a l l y  c o r r e c t  ( v id e  s u p ra ) .  S i m i l a r l y ,  
th e re  was much d i s c u s s io n  conce rn ing  the  o r i g i n  o f  
the  inc reased worm burdens.  One school  o f  though t  
m a in ta ined  t h a t  i n h i b i t e d  l a r v a e  were re s p o n s ib le ,  
the o t h e r  t h a t  p a s tu re  c o n ta m in a t i o n  was the  
c o n t r i b u t i n g  f a c t o r .  The graphs produced by many 
au th o rs  have shown the  s p r i n g  r i s e  to  be a 
b ip h a s i c  phenomenon, bu t  o n l y  Soulsby (1957) and 
Dunsmore (1965) have commented on t h i s .  By 
combin ing egg-count  data  w i t h  herbal  l a rv a e  coun ts  
Dunn ( 1969) has shown t h a t  the  renewed a c t i v i t y  o f  
re ta rde d  forms is r e s p o p s ib l e  f o r  the  p r im a ry  r i s e
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in the  numbers o f  vo ided eggs. These ova hatch  and 
soon r e i n f e c t  the  ewes r e s u l t i n g  in the  b i g g e r ,  
secondary phase. Aga in ,  the  su p p o r te r s  o f  each 
cause were e q u a l l y  r i g h t  ( o r  wrong) .
2 . 3 . 7 . The P e r i p a r t u r i e n t  Eqq-Rise:  I t s  S i g n i f i c a n c e  
The p r a c t i c a l  s i g n i f i c a n c e  o f  the p e r Î p a r t u r i e n t  
r i s e  is bes t  d esc r ibe d  in numer ica l  terms.  A l i m i t e d  
number o f  o b s e rv a t i o n s  made on the  farms where these 
s t u d ie s  were conducted in d i c a te d  t h a t  an a d u l t  p ig  
evacuates t h r e e  k i logrammes o f  faeca l  m a t e r i a l  per day 
( range:  l ^ - 5 i  k g . / d a y ) .  Over the  y e a r ,  the  l a c t a t i n g  
sows on Farm B shed an average o f  2,850 ' s t r o n g y l e '  
eggs per gramme o f  faeces.  I f  t h i s  f i g u r e  is  r e l a t e d  
to  the  d a i l y  faeca l  o u t p u t ,  i t  can be seen t h a t ,  on 
average,  each dam s u c k l i n g  her  p i g l e t s  vo ids  7 , 550,000 
Oesophaqostomum ova per day.  I f  the  d i l i g e n t  farmer 
removes 95% o f  the  waste f rom th e  pen, one t h i r d  o f  a 
m i l l i o n  eggs w i l l  remain. L im i te d  l a b o r a t o r y  expe r ien ce  
(Chapte r  5) i n d i c a te s  t h a t  on many farms one cou ld  
expec t  around 40% o f  these to  ha tch  and produce
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ensheathed t h i r d  s tage  l a r v a e  in seven to  ten days,  i . e .  
over  100,000 p o t e n t i a l l y  i n f e c t i v e  organisms a re  being 
made a v a i l a b l e  each day.
The e g g - r i s e  occurs  a t  p r e c i s e l y  t h a t  p o i n t  in t ime 
when two ge n e ra t ion s  o f  the  hos t  spec ies  are  in i n t im a te  
c o n ta c t .  I t  would a lmost  appear t h a t  a mechanism has 
evolved  whereby the  p h y s i o l o g i c a l  processes o f  the  host  
are  u t i l i z e d  to  ensure  t h a t  success ive  g en e ra t ion s  o f  
p igs  are  born in t o  h i g h l y  i n f e c t i v e  s u r ro u n d in g s .
On the  farm, the  e xpe c tan t  sow is u s u a l l y  put  i n t o  
d i s i n f e c t e d  f a r r o w in g  q u a r t e r s  a week to  ten days b e fo re  
the  a n t i c i p a t e d  da te  o f  p a r t u r i t i o n .  A p p ly in g  the  
reason ing  o u t l i n e d  above,  i t  is  obv ious  t h a t  the  new ly -  
born p i g l e t s  w i l l  be exposed to  i n f e c t i o n  a lm ost  as 
soon as they  a re  born.  Contamina t ion  o f  the dam's 
t e a t s  w i t h  faeces,  and the  p i g l e t ' s  compuls ion  to  roo t  
about  in the  bedding m a t e r i a l s  f a c i l i t a t e  the  t r a n s f e r  
o f  the la rvae .
Do f i e l d  o b s e r v a t i o n s  suppo r t  t h i s  a la rm in g
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t h e o r e t i c a l  p i c t u r e ?  T h is  p a r t i c u l a r  q ue s t io n  was not  
s tu d ie d  in d e t a i l  bu t  some judgements can be made f rom 
the  data c o l l e c t e d .  That  some harm is done Is w i tnessed  
by the subopt imal  g r o w th - r a te s  o f  p i g l e t s  born to  
in fe s te d  dams. T h is  t o p i c  is d iscussed  In d e t a i l  in 
Chapter 5 o f  t h i s  t h e s i s .  Yet  the  l i t t e r s  on Farms 
B and C d id  not  seem to  accrue  massive worm burdens 
(Tab le  2 . 2 . ) .  Some i n f e c t i o n  d id  take  p lace  immed ia te ly  
a f t e r  b i r t h  as small  numbers o f  ' s t r o n g y l e '  eggs 
appeared in the  faeces between the  t h i r d  and f i f t h  weeks 
o f  l i f e .  (The p re p a te n t  p e r io d  o f  H. ruh idus  is  21 days ,  
and t h a t  o f  Oesophaqostomum 21-42 days ( T a f f s ,  1966) ) .  
The egg-counts  were,  however,  ve ry  low and many l i t t e r s  
d id  not  d i s p l a y  p a te n t  i n f e c t i o n s  a t  a l l .  Thomas and 
Smith ( 1968) were unable to  show any t r a n s m is s io n  
f rom mother to  l i t t e r  in the  herd they kept  under 
s u r v e i l l a n c e ,  w h i l s t  Connan (1967a) found t h a t  the  
o f f s p r i n g  remained w orm - f ree  in two o f  h i s  s e r i e s  o f  
f i v e  herds.
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What happens, then,  to  the  i n f e c t i v e  l a r v a e  when 
t r a n s m is s io n  is not  o c c u r r i n g ?  E i t h e r  the m a j o r i t y  
p e r i s h  b e fo re  they a re  inges ted o r  they  f a i l  t o  e s t a b l i s h  
themselves in the  hos t .  Connan (1967a) suggests t h a t  
r e g u la r  c le a n in g  e l i m i n a t e s  o p p o r t u n i t y  f o r  t r a n s m is s io n ,  
but  the  enormous numbers in vo lve d  makes t h i s  th e o ry  
u n l i k e l y  I f  i n t e r p r e t e d  in the  l i t e r a l  sense. Heavy 
i n f e s t a t i o n s  were p resen t  in Farm EC d e s p i t e  impeccable 
c l e a n l i n e s s .  I t  seems more probable t h a t  th e re  is some 
n a tu ra l  l e t h a l  i n f l u e n c e  in o p e r a t i o n  and t h a t  i t s  
r e l a t i v e  s i g n i f i c a n c e  v a r i e s  f rom farm to  farm. I f  
the  h o s t i l e  f a c t o r  is p resen t  on a farm, hygiene may 
upset  the  e c o l o g i c a l  ba lance  to  the  d e t r i m e n t  o f  the 
nematode spec ies .  The l i m i t i n g  f o r c e  cou ld  be a 
b i o l o g i c a l  c o m p e t i t o r  o r  p re d a to r .  The dung-pa t  has 
a r i c h  f l o r a  and fauna i n c l u d i n g  nematode t r a p p i n g  f u n g i ,  
f o r  example.  A l t e r n a t i v e l y ,  the p i g l e t  cou ld  be endowed 
w i t h  a defence mechanism. The immature I n t e s t i n a l  t r a c t  
o r  i t s  c o n te n ts  cou ld  p r o v id e  an u n fa vou ra b le  e n v i r o n ­
ment f o r  the  p a r a s i t e ,  o r  t h e r e  may even be a pass ive  
immuni ty  passed f rom the  dam.
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I t  is a general  f e a t u r e  o f  h e lm in th o lo g y  t h a t  the  
r e p r o d u c t i v e  c a p a c i t y  o f  a d u l t  p o p u la t i o n s  is  f a r  in 
excess o f  the  v a lue  t h e o r e t i c a l l y  adequate f o r  the 
maintenance o f  the  spec ies .  P a r a s i te  and hos t  a re ,  
in g e n e ra l ,  in e q u i l i b r i u m  and so a s tudy  o f  the  f a t e  
o f  j u v e n i l e  forms would be o f  c o n s id e ra b le  I n t e r e s t .
An e x a g g e ra t io n  o f  these n a tu r a l  l i m i t a t i o n s  m igh t  
p ro v id e  a means f o r  the  p ro p h y la x i s  o f  p a r a s i t i c  
d i sease.
Chapter 3




The I n v e s t i g a t i o n s  d e s c r ib e d  in Chapter 2 o f  t h i s  
t h e s i s  revea led  a mechanism by which  Oesophaqostomum 
spp. i n f e c t i o n s  a re  passed f rom one g e n e ra t i o n  o f  the  hos t  
spec ies  to  the  n e x t .  O ther methods f o r  the  d is s e m in a t i o n  
o f  t h i s  genus must e x i s t  as a f e a t u r e  o f  the  ep idem i ­
o lo g y  o f  p o rc in e  oesophagesto m ia s i s  is  the  p e r s i s t e n t  
reappearance o f  i n f e c t i o n  in herds produced by hys te rec tom y ,  
d e s p i t e ,  in some in s ta n c e s ,  s t r i n g e n t  p re c a u t io n s  aimed a t  
the  e x c lu s io n  o f  d is e a s e -c a u s in g  organisms.
Th is  c h ap te r  p resen ts  r e s u l t s  f rom f i e l d  and l a b o r a t o r y  
exper iments  t h a t  demonst ra te  two b i o l o g i c a l  pathways by 
means o f  which i n f e c t i v e  l a r v a e  may p o s s i b l y  be t r a n s p o r t e d  
over  lo nge r  d i s t a n c e s ,  and perhaps f rom farm to  farm.
Ano ther p r o j e c t ,  r e p o r te d  in Chapter 6,  had p rov ided  
the  i n fo r m a t i o n  t h a t  t h i r d  s tage  Oesophaqostomum, en­
c a psu la te d  in the  i n t e s t i n a l  mucosa o f  e x p e r im e n t a l l y  
i n f e c te d  g u i n e a - p i g s ,  can remain a l i v e  f o r  a t  l e a s t  48 
days.  T h is  suggested the  p o s s i b i l i t y  t h a t  o t h e r  roden ts  
and p a r t i c u l a r l y  r a t s ,  may p la y  a r o l e  in the  t r a n s m is s io n  
o f  oesophagos tom ias is .  T h is  hypo the s is  was t h e r e f o r e
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t e s te d  under l a b o r a t o r y  c o n d i t i o n s .
The second s tudy  was s t im u la t e d  by an o b s e r v a t i o n  
made by a c o l l e a g u e ,  Miss Margare t  Tod, who was conduc t ­
ing a survey  o f  the  i n s e c t  fauna a s s s oc ia te d  w i t h  p ig s .  
She n o t i c e d  t h a t  one p a r t i c u l a r  genus o f  manure-b reed ing  
f l y ,  Psychoda. o f t e n  c a r r i e d  nematodes c l ing ing  to  the  
abdomen, and t h a t  some o f  these  appeared to  be the  t h i r d  
s tage la r v a e  o f  p a r a s i t i c  forms.
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MATERIALS AND METHODS
3 . 1 . 1 .  Rat T ransm iss io n
The f i r s t  s e r i e s  o f  exper imen ts  was intended  to  show 
whether Oesophaqostomum la r v a e  would encys t  in the  
i n t e s t i n a l  w a l l  o f  a r t i f i c i a l l y  i n fe c te d  r a t s .  I f  t h i s  
was shown to  be the  case,  f u r t h e r  i n v e s t i g a t i o n s  would 
be planned to ,d i s c ov e r  whe the r o r  no t  the  encysted forms 
had r e ta i n e d  t h e i r  i n f e c t I v i t y .
3 . 1 . 2 . Anima ls Used
L a b o ra to ry  r a t s  o f  the  W ls ta r  s t r a i n  were purchased 
f rom a commercial  source.  A l l  were female and weighed 
between 60 and 100 grammes when in f e c te d .
Two types o f  p ig  were u t i l i z e d :  n ine-week o l d  Large 
Whi tes t h a t  had been s p e c i a l l y  bred under worm f r e e  
c o n d i t i o n s  by Messrs.  George P inke r ton  L t d . ,  Houston,  
R e n f re w s h i re ,  and th ree -m on th  o ld  p igs  o f  the  Pi tman- 
Moore X Palouse s t r a i n  (Crees,  I 968) t h a t  had been 
reared  by the  a u th o r .
3 . 1. 3 . P re p a ra t io n  o f  La rva l  C u l t u re s
F re sh ly  d e p o s i te d  faeces was c o l l e c t e d  f rom sows
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on Farm EC (Chapter  2) t h a t  were known to  be i n f e s te d  
w i t h  Oesophaqostomum spp. and no o th e r  h e lm in th  p a r a s i t e .  
I n f e c t i v e  t h i r d  s tage  j u v e n i l e s  were c u l t u r e d  and recovered 
f rom t h i s  m a te r ia ]  by the  methods d esc r ibe d  in Chapter  1. 
The la rv a e  wçre washed r e p e a te d l y  by m ix ing  w i t h  l a rg e  
q u a n t i t i e s  o f  wa ter  and a l l o w i n g  se d im e n ta t i o n  to  take  
p la ce ,  a f t e r  wh ich the  s u p e rn a ta n t  was poured o f f .
3 . 1 . 4 .  A d m i n i s t r a t i o n  o f  Larvae
The number o f  l a r v a e  per u n i t  volume o f  the  f i n a l  
c o nc e n t ra te d  suspension was es t im a te d  by a g i t a t i n g  the  
p r e p a r a t i o n  and removing f i v e  0.1 ml . a l i q u o t s  wh ich  were 
each d i l u t e d  w i t h  w a te r  in a se pa ra te  p e t r i  d i s h .  These 
were scanned under the  s t e r e o s c o p i c  m ic roscope (X23) and 
the  l a r v a e  coun ted .  An average o f  f i v e  read ings  was used 
to  compute the  amount o f  f l u i d  needed f o r  each e x p e r i ­
mental an ima l .
The c a l c u l a t e d  dose was measured in a s y r i n g e  and 
a d m in i s te re d  by stomach tube to  r a t s  t h a t  had been l i g h t l y  
a n a e s th e t i z e d  w i t h  e th e r  vapour.
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3 .1 . 5 .  Exper imenta l  Des^igns 
Exper iment 3 - 1 ■
As a p i l o t  e x p e r im en t ,  t h r e e  r a t s  were i n f e c t e d ,  
r e s p e c t i v e l y ,  w i t h  10,000,  20,000 and 30,000 t h i r d  s tage  
Oesophaqostomum spp. l a r v a e ,  and were k i l l e d  on the  
s i x t h ,  seventh and e ig h t h  days a f t e r  i n f e c t i o n .  The 
i n t e s t i n a l  t r a c t  o f  each was washed o u t  and the  wash­
ings examined f o r  p a r a s i t e s .  The i n t e s t i n a l  w a l l  was 
c u t  i n to  s h o r t  s e c t i o n s  wh ich  were compressed between 
g l a s s  s l i d e s .  Larvae in the  mucosa were counted under 
the  s te r e o s c o p i c  mic roscope.  The v i a b i l i t y  o f  the  
parasites was t e s te d  by warming each p re p a r a t i o n  and 
w a tch ing  f o r  s igns  o f  l a r v a l  movement. As c o n t r o l s ,  
f o u r  u n in fe c te d  r a t s  f rom the  same cage were k i l l e d  and 
t h e i r  i n t e s t i n a l  t r a c t s  t r e a t e d  in a s i m i l a r  manner.
Exper iment  3 - 2 .
Ten ra t s  were each i n f e c t e d  w i t h  20,000 l a r v a e ,  
k i l l e d  a f t e r  seven days,  and the  l a r g e  i n t e s t i n e  o f  each 
examined as above.
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Exper iment  3 . 3 .
A f u r t h e r  82 r a t s  were i n f e c t e d ,  each animal  r e c e i v ­
ing 20,000 l a rv a e .  F i f t y - f i v e  o f  these  were k i l l e d  a f t e r  
seven days ,  the  remainder a f t e r  one month. The la rg e  
i n t e s t i n e s  were removed, opened l o n g i t u d i n a l l y  and 
washed in runn ing  w a te r  to  remove the  c o n te n ts  o f  the  
lumen. The mucosae were c u t  i n to  smal l  f ragments and 
mixed w i t h  a l i t t l e  p ig -m e a l .  Food samples c o n t a i n i n g  
t i s s u e s  f rom a known number o f  r a t s  were o f f e r e d  to 
i n d i v i d u a l  worm- free  p igs  t h a t  had been s ta r v e d  f o r  12 
hours.  The exper im en ta l  an ima ls  were k i l l e d  t h r e e  to  
f o u r  weeks l a t e r ,  and t h e i r  i n t e s t i n a l  t r a c t s  searched 
f o r  worms.
Throughout  the  e xpe r im en t ,  one o r  more 1 i t t e r -  
mate c o n t r o l  an imals were housed in the  same pen as each 
o f  the  expe r im en ta l  a n im a ls .  One c o n t r o l  p ig  was fed 
mucosae f rom u n in fe c te d  r a t s ,  bu t  the  o th e r s  rece ived  
o n l y  the  s tandard  meal.  The Large Whi te  c o n t r o l s  were 
s la u g h te re d  a t  the t e r m i n a t i o n  o f  the  exper imen t  and 
a u to p s ie d ,  bu t  the  m i n i a t u r e  p igs  were re q u i r e d  f o r  a
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f u t u r e  b reed in g  programme. In t h i s  in s ta n ce ,  t h e r e f o r e ,  
each p ig  was kept  f o r  f i v e  weeks and then t r e a t e d  w i t h  
7 .5 g. fo rm u la te d  d i c h l o r v o s ,  c o n t a i n i n g  I .3  g. a c t i v e  
i n g r e d ie n t  (A tg a rd ,  S h e l l  I n t e r n a t i o n a l  Chemical Company), 
T h is  drug is known to  be h i g h l y  e f f e c t i v e  a g a in s t  
Oesophaqostomum p o p u la t i o n s  a t  ra te s  o f  I 5 . I  mg. /kg .  
a c t i v e  i n g r e d ie n t  ( B a t t e ,  M o nco l , Todd and I s e n s t e i n ,  
1965) ,  so t h a t  the  amount used in t h i s  s tudy was c o n s i d e r ­
a b l y  in excess o f  the  minimum e f f e c t i v e  dose. The faeca l  
m a te r i a l  passed by the  medicated p igs was c o l l e c t e d  f o r  
th re e  days and screened f o r  worms.
3 . 1. 6 . Psychodid Transm iss ion
The p o s s i b i l i t y  t h a t  psychodid f l i e s  may be a b le  to 
c a r r y  the  la rv a e  o f  p a r a s i t i c  nematodes as w e l l  as those 
o f  some f r e e - l i v i n g  spec ies  s t im u la t e d  the  exper iments  
o u t l  ined in the nex t  paragraphs .
3 . 1. 7 . Exper imental  Designs 
Exper iment  3 . 4 .
T h is  exper iment  and the nex t  were per formed under
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the  l e a d e r s h ip  o f  Miss Tod. Two-hundred gramme q u a n t i t i e s  
o f  faeces were c o l l e c t e d  f rom sows on Farm B (d e s c r ib e d  in 
Chapter  2 ) .  A b s o lu t e l y  f r e s h  d e p o s i t s  were ignored f o r  
t h i s  s tu d y ,  those  j u s t  a few hours o l d  be ing p r e fe r r e d .
Th is  was done to  ensure t h a t  the  l o c a l  psychod id f l i e s  
had had ample o p p o r t u n i t y  to  d e p o s i t  t h e i r  eggs in the  
chosen sample.  The m a te r ia l  was taken to  the  l a b o r a t o r y  
and spread in a t h i n  l a y e r  on the  f l o o r  o f  a Perspex 
i n se c t  cage.  Th is  was watered when necessary f o r  the  
maintenance o f  a h igh  h u m id i t y .  Emergent f l i e s  were 
caught  and removed d a i l y .
L i v i n g  nematode l a r v a e  cou ld  be o b ta in e d  f rom the 
psychodids by l i g h t l y  e t h e r i z i n g  the  f l i e s ,  t r a n s f e r r i n g  
them to a m u s l in  bag and then us ing  the  Baermann techn ique ,  
The p r e p a r a t i o n  was suspended in luke-warm w a te r  in a 
c o n i c a l  measur ing c y l i n d e r .  The la rv a e  then l e f t  the 
f l i e s ,  moved in to  the s u r ro u nd in g  medium and sank to  
the  bot tom o f  the  v e s s e l .
Exper iment  3 . 5 .
The f i e l d s  used f o r  g ra z in g  the  i n - p i g  sows on
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Farm B were surveyed and an area where psychod id f l i e s  
cou ld  be found in abundance was noted.  Th is  spo t  was 
v i s i t e d  a t  i n t e r v a l s  d u r i n g  the  summer o f  1968 and f l i e s  
were c o l l e c t e d  f o r  subsequent  l a b o r a t o r y  exam ina t io n .
The in se c ts  were caught  w i t h  a net  o r  by t r a p p in g  
them in tubes a g a in s t  t r e e - t r u n k s  o r  o th e r  s u r fa c e s .
They were k i l l e d  w i t h  e th e r  fumes and q u i c k l y  
t r a n s f e r r e d  t o  a lc o ho l  f o r  p r e s e r v a t i o n .  In r e t r o s p e c t ,  
t h i s  was no t  th e  ideal  method f o r  the  t re a tm e n t  o f  the  
m a te r i a l  as the  nematodes o f t e n  became unwound f rom the  
f 1 i es in the  a lc o h o l  so t h a t  the  e s t i m a t i o n  o f  the  
percen tage c a r r y i n g  l a r v a e  proved im poss ib le  on those 
occas ions  t h a t  specimens were poo led.
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RESULTS
3 . 2 . 1 . Rat T ransm iss ion  Exper iments 
Exper iments 3 1 .  and 3 . 2 .
A small  p r o p o r t i o n  o f  th e  1a rvae  (0 ,02-0 .64%) invaded 
the  i n t e s t i n a l  mucosa o f  t h ^  r a t s  where they became 
encysted (Tab les 3 1 .  and 3 . 2 . ) .  P e n e t ra t io n  was 
co n f in e d  to  the caecum ^nd c o lo n ,  no l a r v a e  be ing  found 
in th e  w a l l  o f  the  smal l  i n t e s t i n e .  No s ig n s  o f  d isease  
were seen in any o f  the  r a t s  d u r in g  the p e r io d  o f  
o b s e r v a t i o n  and a t  pos t  mortem e x a m in a t io n ,  t h e re  were 
no macroscopÎ c a l 1 y v i s i b l e  l e s io n s .  When the  crushed 
t i s s u e s  were examined m i c r o s c o p i c a l l y  the  t i g h t l y  c o i l e d  
l a r v a e  c ou ld  be seen to  be encompassed by a d i s t i n c t  
capsu le  in a manner s i m i l a r  t o  t h a t  i l l u s t r a t e d  in 
P la te  6 .1 .  A l l  the  la r v a e  t h a t  were te s te d  f o r  v i a ­
b i l i t y  seven days a f t e r  i n f e c t i o n  were a c t i v e  when 
warmed on the  m ic roscope s tage .  No i n d i c a t i o n s  o f
h e l m i n t h i a s i s  were found in the  f o u r  c o n t r o l  r a t s ,  where-
#
as a l l  20 i n f e c te d  an ima ls  showed s ig ns  o f  p a r a s i t i s m .
Exper iment  3 . 3 .
The r a t  t i s s u e s  were accepted w i t h o u t  h e s i t a t i o n
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by the Large Wh i te  p igs  wh ich  even picked o u t  the  
i n t e s t i n a l  segments p r e f e r e n t i a l l y .  The m i n i a t u r e  
swine,  however,  were more d i s c e r n i n g  and o n l y  consumed 
the  t r e a te d  food a f t e r  severa l  hours d e lay .
W h i l s t  none o f  the  c o n t r o l  p igs  d is p la y e d  any s ign  
o f  h e lm in th  i n f e s t a t i o n ,  f o u r  o f  th e  f i v e  e xpe r im en ta l  
an imals  became i n f e c t e d  w i t h  Oesophaqostomum spp .
(Tab le  3 -3 * ) *  The m a j o r i t y  o f  the  worms were young 
a d u l t s ,  bu t  a few f o u r t h  s tage  la rv a e  were a l s o  seen.
3 . 2 . 2 . Psychod id Transmi ss ion Exper iments
The g r e a t e s t  c o n c e n t r a t i o n  o f  psychod ids was found 
in a 15 ac re  f i e l d  bordered  on the  sou th -w es t  by a 
d r i veway w i t h  garden t r e e s  and bushes on e i t h e r  s id e .
I t  was found t h a t  the  f l i e s  s h e l te r e d  in a cypress  t r e e  
in one c o r n e r ,  p a r t i c u l a r l y  on the  l e a f l e s s  s id e  nex t  to 
the  f i e l d .  Other t r e e s  and ga tepos ts  o n l y  y i e l d e d  a few 
specimens.  Near the  f o o t  o f  the  cypress  t r e e  was a muddy 
area where the  p igs  found shade on sunny days,  so t h a t  
the  f 1 ies were never f a r  f rom f r e s h  dung.
1 6 6
Many psychod id  f l i e s  caught  in the  f i e l d  o r  c u l t u r e d  
in the  l a b o r a t o r y  c a r r i e d  nematodes tw ined  round the  
in te rsegmenta l  fu r row s  o f  the  abdomen. In one sample o f  
142 f l i e s  caught  on the  farm 11 (7.7%) were in vo lved .
Some f l i e s  bore l a r g e  numbers ( P la t e  3 . 1 * ) i  and a l tho ugh  
t h e i r  abdomens sometimes appeared s h r i v e l l e d  they  were 
s t i l l  a b le  to  f l y .  The m a j o r i t y  o f  nematodes recovered 
were f r e e - l i v i n g  forms,  bu t  t h i r d  s tage  ensheathed ' 
j u v e n i l e s  i d e n t i c a l  in s i z e  and appearance to  
Oesophaqostomum spp. l a r v a e  were o f t e n  seen on f 1 ies 
f rom the  faeca l  c u l t u r e s  and f rom the  farm. The 
p a r a s i t i c  l a r v a e  c o u ld  be r e a d i l y  c o l l e c t e d  us ing  the  
Baermann te c h n iq u e ,  and were thus presumably f u l l y  
a c t i v e  and i n f e c t i v e .  As w o rm - f ree  p igs  were not  
a v a i l a b l e  a t  the  t im e  o f  t h i s  s tu d y ,  no a t te m p ts  cou ld  
be made t o  i n f e c t  such an imals  w i t h  Oesophaqostomum- 
bea r in g  Psychoda.
Of the  16 spec ies  o f  Psychoda recorded  In 
Great  B r i t a i n  (T o n n o i r ,  1940), Miss Tod i d e n t i f i e d  
n in e  amongst the  f l i e s  caught  on the  farm: P. a lb ip e n  i s ,
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P. b r e v i c o r n î s , P. c i n e r e a , P. c r a s s i p e n i s , P. q r i s e s c e n s , 
P. p h a la e n o id e s , P. s e t i q e r a , P. sever i n i  and 
P. t r i n o d u l o s a . A l l  these  spec ies  were ra is e d  in the  
l a b o r a t o r y  excep t  P. c in e r e a  and P. sever i n i .
Nematode l a rv a e  were observed on P. q r ise scen s  and 
P. p h a la e n o id e s , and may p o s s i b l y  have o ccu r re d  on o t h e r  
s p e c i e s .
Plate 3.1 Nematode larvae coiled around the abdomen of a psychodid fly
T a b le  3 . 1 .  -  T h e  num bers o f  O esophaqostom um  l a r v a e  fo u n d  In  t h e  
i n t e s t i n a l  m ucosa and lum en  o f  r a t s  in f e c t e d  
p e r  0 5  o n e  w e e k  e a r l i e r
R a t
N o .
No. o f  
1a r v a e  
g iv e n
N o . fo u n d  
in  s m a ]1 
i n t e s t  in e
N o. fo u n d  
In  caecum
N o . fo u n d  
in  c o lo n
T o t a l  No. 
In  t is s u e s
N o . fo u n d  
in  lum en
1 1 0 ,0 0 0 0 2 3 5 0
2 2 0 ,0 0 0 0 10 128 138 0
3 3 0 ,0 0 0 0 30 5 4 8 4 0
4 0 0 0 0 0 0
5 0 0 0 0 0 0
6 0 0 0 0 0 0
7 0 0 0 0 0 0
Tab le  3 .2 ,  -  The numbers o f  Oesophaqostomum found in 
the  i n t e s t i n a l  mucosa o f  r a t s  i n f e c t e d  w i t h  
20,000 l a r v a e  per os one week e a r ]  i e r
Rat
No.
No, l a r v a e  











T o ta l 292
Average per r a t :  29 
Average ‘ t a k e ’ : 0.15% 
Range: 0 .0 2  -  0.64%
T a b le  3 . 3 . -  R e s u lts  o f  fe e d in g  p ig s  w ith  t is s u e s  from  ra ts  
exposed to  Oesophaqostomum la r v a e
P ig R ats M ethod o f No. Oesophaqos tomum
No. Breed No. g iv e n Tim e in fe c te d e x a m in â t ion re c o v e re d
E x p e r im e n ta l Group
9901 LW 20 1 week e a r l  1er PM 450
73 LW 15 ............................ PM 116
368 LW 20 .......................... . PM 7
Ml PMxP 10 1 month e a r i 1er PM 3
M2 PMxP 17 "  " PM 0
T o ta l 576
C o n tro l G roup
9903 LW 0 - PM 0
74 LW 15 N ot in fe c te d PM 0
366 LW 0 - PM 0
M3 PMxP 0 - verm i fu g e 0
M4 PMxP 0 - " 0
MS PMxP 0 - 0
M6 PMxP 0 - 0
T o ta l 0
LW = Large White
PMxP = Pitman-Hoore x Palouse
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DISCUSSION
3 . 3 . 1. The Problem
W i th in  the  l a s t  decade,  t h e r e  has been a widespread 
movement towards the  e s ta b l i s h m e n t  o f  ' s p e c i f i c - p a t h o g e n -  
f re e *  (SPF) o r  'm in ima l  d i s e a s e '  (MD) herds o f  p ig s .  The 
p r im a ry  o b j e c t  is  the  c r e a t i o n  o f  p o p u la t i o n s  t h a t  a re  
f r e e  f rom e n z o o t i c  pneumonia and o th e r  n o n -h e lm in th  
p o rc in e  d iseases  endemic in the  Un i ted  Kingdom, The usual 
method o f  a c h ie v in g  t h i s  is to remove a l l  p igs  f rom the 
farm, d i s i n f e c t  the  premises and to  r e p o p u la te ,  a f t e r  a 
s u i t a b l e  r e s t i n g  p e r i o d ,  w i t h  s t o c k  t h a t  were d e l i v e r e d  
by Caesar ian o p e r a t i o n .  A l t e r n a t i v e l y ,  p igs  born to  dams 
t h a t  were themse lves produced by hys te rec tomy may be used.
T h is  procedure  had been fo l l o w e d  by Farm C. The 
o b s e rv a t i o n s  reco rded  f rom t h i s  farm in Chapter  2 were 
made on the  o r i g i n a l  herd ,  which was subsequen t ly  s o ld .
The b u i l d i n g s  and pens were c leaned and new MD p igs  
in t ro du ced  about  f i v e  months l a t e r .  Soon, however,  
pa te n t  Oesophaqostomum i n f e c t i o n s  were aga in  d e te c te d .
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Th is  is no t  an i s o la t e d  occu r rence .  T a f f s  ( I 966) 
ment ions  two MD herds t h a t  he found to be h a rb o u r in g  
i n t e s t i n a l  nematodes. Coop ( I 968) (persona l  communicat ion)  
has d esc r ibed  the  d i f f i c u l t i e s  o f  p re v e n t in g  the  i n t r o d u c ­
t i o n  o f  i n f e c t i o n  i n t o  an expe r im en ta l  u n i t  hous ing  worm- 
f r e e  p ig s .  In c o n t r a s t ,  however,  the  MD herd b e lon g ing  to 
the  Rowett I n s t i t u t e ,  Aberdeen,  has remained h e l m i n t h - f r e e  
f o r  o ve r  a year w i t h o u t  any e s p e c i a l l y  s t r i n g e n t  precau­
t i o n s  be ing  taken (H u n te r ,  1968, personal  commun ica t ion ) .
The most common manner by wh ich  Oesophaqostomum la rv a e  
a re  b rough t  i n t o  d i s i n f e c t e d  premises is undoub ted ly  by the  
mechanical t r a n s f e r  o f  dung. T h is  may be i l l u s t r a t e d  
n u m e r i c a l l y  by the  f o l l o w i n g  example:  the  l a c t a t i n g  sows
on Farm B were v o i d i n g ,  on average,  2,850 ' s t r o n g y l e '  ova 
per gramme o f  faeces (Chapte r  2 ) .  Anyone w o rk ing  w i t h  these 
p igs  cou ld  e a s i l y  p i c k  up 5-10 gramme o f  faeces in the  t read  
o f  t h e i r  W e l l i n g t o n  boo ts .  I f  the v i s i t o r  was to  proceed to  
Farm C, about  one m i l e  d i s t a n t ,  w i t h o u t  washing h i s  foo tw e ar ,  
some 15- 30,000 p o t e n t i a l l y  i n f e c t i v e  u n i t s  would have been 
t r a n s p o r t e d  to  the  l a t t e r  herd.
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Farms may a c q u i r e  i n f e c t i o n  f rom c a r r i e r  an im a ls .
Pigs c a r r y i n g  a d u l t  Oesophaqostomum p o p u la t i o n s  a re  dangerous 
in t h i s  resp ec t  because o f  the  h igh  b i o t i c  p o t e n t i a l  o f  t h i s  
genus. F a t te n in g  farms a re  p a r t i c u l a r l y  a t  r i s k  s in c e  they 
f r e q u e n t l y  purchase weaners f rom a v a r i e t y  o f  sources .  As 
f a r  as MD o r  SPF herds a re  concerned,  however,  th e  o n l y  
an imals  l i a b l e  to  be imported f rom o u t s i d e  a re  e n t i r e  males.  
These a re  f r e q u e n t l y  n e g le c ted  in worming programmes bu t  a re  
capab le  o f  p la y i n g  a ma jo r  r o l e  in the  d i s s e m in a t io n  o f  
i n f e c t i o n  w i t h i n  a p o p u la t i o n  s in c e  each sow is  taken to  the  
b o a r ' s  pen tw ic e .  I f  no t  t h r i c e , a  year  f o r  ma t in g .
Such e x p la n a t i o n s  do not  p ro v id e  a ^ s a t i s f a c t o r y  
e x p la n a t i o n  f o r  the  presence o f  h e lm in th  i n f e c t i o n s  in a l l  
SPF o r  MD herds .  One o u t s ta n d in g  example has come to  the  
a t t e n t i o n  o f  the  a u th o r .  T h i s  was a s o p h i s t i c a t e d  model 
farm used by an i n d u s t r i a l  concern f o r  research  purposes,  
in  t h i s  in s ta n ce ,  ex treme e f f o r t s  were made to  i s o l a t e  the  
herd.  No v i s i t o r s  were a l l ow e d  on to  the  premises and goods 
l o r r i e s  b r i n g i n g  f e e d s t u f f s  o r  equipment unloaded o u t s i d e  
the  boundr ies  o f  the  farm. Yet  t h i s  herd became in fe s te d
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w i t h  Oesophaqostomum.
In these s p e c ia l  cases,  the  usual mechanisms f o r  the 
d i s p e r s i o n  o f  la rva e  a re  u n l i k e l y  to  have been in v o lv e d .  
Connan (1 9 66 )  has suggested t h a t  b i r d s  and rodents  may 
c a r r y  i n f e c t i o n  bu t  he does not  s t a t e  the  means by which 
these  an imals  m igh t  pe r fo rm  t h i s  f o n c t i o n .  I t  seems q u i t e  
f e a s i b l e  t h a t  they  may, on o c c a s io n ,  a c c i d e n t a l l y  t r a n s ­
p o r t  faeca l  m a te r ia l  f rom farm t o  farm.
Other p o s s i b i l i t i e s  t h a t  have not  as y e t  been f u l l y  
i n v e s t i g a t e d  i n c lu d e  t r a n s m is s io n  f rom dam to  p i g l e t  
In u te r o  o r  v i a  c o lo s t r u m .  There i s ,  however,  l i t t l e  
i n d i c a t i o n  t h a t  the  h i s t o t r o p i c  forms o f  Oesophaqostomum 
are  a b le  to pass beyond the  muscu lar  is mucosa o f  the  w a l l  
o f  the  i n t e s t i n a l  t r a c t  o f  the  n a tu ra l  hos t  (Chapte r  6 ) .  
The exper im en ta l  s t u d ie s  t h a t  a re  d esc r ibed  in t h i s  
ch a p te r  demonst ra te  two b i o l o g i c a l  pathways by which 
i n f e c t i v e  Oesophaqostomum la r v a e  may p o s s i b l y  pass f rom 
herd to  herd.  These a re  d iscussed  in the  f o l l o w i n g  
paragraphs .
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3 . 3 . 2 .  Rat T ransm iss io n
The d e m o n s t ra t io n  o f  encysted worms in a l l  t h e  t r e a t e d  
r a t s  o f  Exper iments  3 ,1 .  and 3 .2 .  i n d i c a t e s  t h a t  p o rc in e  
oesophagostome la r v a e  a re  a b le  to  invade th e  i n t e s t i n a l  w a l l  
o f  t h i s  abnormal h os t .  That  the  observed l a r v a e  were no t  
n a t u r a l l y  o c c u r r i n g  p a r a s i t e s  o f  the  r a t  Is con f i rm ed  by 
the  c o n s i s t e n t l y  n e g a t i v e  r e s u l t s  o b ta in e d  f rom the  c o n t r o l s .
The d i s c o v e ry  o f  young a d u l t  Oesophaqostomum In fo u r  o f  
the  f i v e  p igs  t h a t  re ce ived  t i s s u e s  f rom the  i n f e c te d  r a t s  
c o n f i r m s  t h a t  the  l a b o r a t o r y  r a t  can,  under the  c o n d i t i o n s  
o f  t h i s  expe r im en t ,  a c t  as a p a r a te n i c  hos t  f o r  t h i s  nematode. 
Some o f  the  r a t s  r e ta i n e d  t h e i r  i n f e c t i v e  p o t e n t i a l  f o r  as 
long as one month. The c o n t r o l  p igs  remained w o rm - f ree  
even though they had been permanent ly  housed w i t h  the  
expe r im en ta l  an im a ls .  The p o s s i b i l i t y  t h a t  the  i n f e s t a t i o n s  
r e s u l t e d  f rom envi ronmenta l  c o n ta m in a t i o n  is the reby  d iscoun ted .
The r e s u l t s  o f  t h i s  exper im en t  do not  n e c e s s a r i l y  
im p l i c a t e  the  w i l d  r a t  as a v e c to r  o f  oesophagos tomias is  In 
the  f i e l d ,  bu t  demonst ra te  t h a t  t h e r e  is a 1 i k e l i h o o d  t h a t  
t h i s  may be the  case.  Rats a re  commonly found in c lo s e
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a s s o c i a t i o n  w i t h  p ig  fa rms,  where they l i v e  and feed in 
an env i ronment  o f t e n  g r o s s l y  con tamina ted  w i t h  faeca l  
m a t e r i a l .  Oesophaqostomum is an ex t rem e ly  fecund worm 
and i t  is  no t  uncommon to  f i n d  severa l  thousand eggs be ing 
passed w i t h  e ve ry  gramme o f  hos t  faeces .  I t  seems 
i n e v i t a b l e  t h a t  p ig g e ry  r a t s  w i l l  in ges t  a number o f  
Oesophaqostomum la r v a e  each day.  I f  the  la r v a e  a re  a b le  
to  e ncys t  and s u r v i v e  in the  i n t e s t i n a l  mucosa as they  do 
in the  l a b o r a t o r y  s t r a i n ,  then w i l d  r a t s  a re  a lmost  
c e r t a i n l y  f r e q u e n t  c a r r i e r s  o f  i n f e c t i o n .  I t  Is d o u b t f u l  
whether r a t s  form a r e g u l a r  p a r t  o f  the  p i g ' s  d i e t ,  bu t  
d iseased o r  d e b i l i t a t e d  specimens a re  c e r t a i n l y  ea ten .  Rats 
u s u a l l y  form s t a b l e  c o lo n ie s  w i t h i n  d e f in e d  boundaries, and 
n o r m a l l y  t h e r e  is  l i t t l e  communicat ion  between n e ig h b ou r in g  
groups,  I f ,  however,  a community is e r a d i c a t e d  by man, an 
e c o l o g i c a l  vacuum is produced which  is  q u i c k l y  f i l l e d  by an 
i n f l u x  o f  r a t s  f rom su r ro u n d in g  a reas .  Under these  c o n d i t i o n s ,  
the  r a t  may be a b le  to  t r a n s p o r t  Oesophaqostomum i n f e c t i o n s  
f rom farm t o  farm.
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3 . 3 . 3 .  Psychodid T ran sm iss io n
Bov ien (1937) found in Denmark two types o f  nematode 
tw ined  round the  in te rsegm en ta l  fu r row s  o f  th e  abdomen o f  
psychodid  f l i e s  wh ich  had developed in b ov ine  faeces.  He 
c l a s s i f i e d  them as the  f reé -1  i v i n g  Rhabd i t  is  dub ia and an 
unknown spec ies  b e lon g ing  to  t h a t  genus. Satche l  1 (1947) 
noted the  same phenomenon In England and i d e n t i f i e d  a t h i r d  
sp e c ie s ,  Rh. c u r v i c a u d a t a . N e i t h e r  o f  these  a u th o rs  ment ions 
the p o s s i b i l i t y  t h a t  j u v e n i l e  forms o f  nematodes p a r a s i t i c  
in the  c a t t l e  p ro duc in g  the  dung might  a l s o  be in v o lv e d .
Members o f  the  f a m i l y  Psychodidae a re  commonly known 
as Owl Midges o r  H a i r y  M o t h - f l  ies .  The f a m i l y  c o n ta in s  
f i v e  genera o f  wh ich  o n l y  o n e , . Psychoda, has been found 
b reed in g  in dung in Great  B r i t a i n ,  T h is  genus is  composed 
o f  small  f l i e s ,  1 -  2 mm. long,  wh ich  a re  covered w i t h  l o o s e l y  
packed g r e y i s h  h a i r s .  They c a r r y  t h e i r  wings f o ld e d  roo f -1  ike  
o ve r  t h e i r  body when a t  r e s t ,  and can be seen moving 
e r r a t i c a l l y  on window panes o r  be ing  a t t r a c t e d  to  e l e c t r i c  
l i g h t s  a f t e r  d a rk ,  when they  o f t e n  s e t t l e  on lamp-shades o r  
nearby w a l l s .
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In the  f i e l d  they can o ccu r  in la rg e  numbers, mov­
ing w i t h  a s h o r t  j e r k y  f l i g h t  near t h e i r  b reed ing  p laces 
in decaying  o rg a n ic  m a t e r i a l ,  i n c lu d i n g  dung. In the  
h e ig h t  o f  summer when c o n d i t i o n s  f o r  b reed in g  are 
o p t i m a l ,  enormous numbers a re  produced.  One dung sample 
o f  a p p ro x im a te ly  200 g. c o l l e c t e d  in August  y i e l d e d  over 
one thousand psychodids in 18 days.  The a d u l t  f l y  emerges 
f rom th e  pupa one to  t h r e e  weeks a f t e r  the  eggs a re  l a i d ,  
depending on the  tem pera tu re  and spec ies  in vo lved .  On 
emerging,  the  imago stands m o t io n le s s  on the  s u r fa c e  o f  
the  dung-pat  f o r  severa l  m in u tes ,  s t re n g th e n in g  i t s e l f  and 
hardenIng  i ts  wings.
By t h i s  t ime ' s t r o n g y 1e 'eggs  passed w i t h  the  faeces 
w i l l  have hatched and the  emergent  la rvae  w i l l  have a t t a i n e d  
the  i n f e c t i v e  t h i r d  s tage .  The i n - p i g  sows on Farm B were 
shedding an average o f  480 e . p . g .  (Chapter  2 ) ,  Should the 
nematodes brush a g a in s t  the  imago f l y ,  they c o u ld  e i t h e r  
a t t a c h  d i r e c t l y  on to  the  abdomen, o r  on to  the  le g s ,  f rom 
where they cou ld  move up th rough the  h a i r s  to  c o i l  t i g h t l y  
around the  abdominal in te rsegm en ta l  grooves,  No l a r v a e  were 
ever found c l i n g i n g  to  o t h e r  manure-breeding  f l i e s .
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The f î t e s  a re  small  enough, to be t r a n s p o r t e d  by the  
windy bu t  to what  e x te n t  t h i s  happens is u n c e r t a i n .
Satche l  1 (1947) s t u d y in g  P. a l t e r n a t a , a f l y  b reed ing  in 
sewage f i l t e r s ,  found t h a t  i t  cou ld  be caught  one m i l e  
from the  b reed ing  ground In the  d i r e c t i o n  o f  the  p r e v a i l ­
ing w in d ,  bu t  no t  a t  one and a h a l f  m i l e s .  Psychoda spp. 
may t h e r e f o r e  be ab le  to  t r a n s p o r t  the  l a r v a l  forms o f  
p a r a s i t i c  nematodes f rom f i e l d  t o  f i e l d ,  o r  i n t o  farm 
b u i l d i n g s  f rom the  su r ro u n d in g  c o u n t r y s i d e .  I t  seems 
1 i k e l y  t h a t  the psychod id  f l y  may p la y  some r o l e  In the  
d i s p e r s i o n  o f  p o rc in e  Oesophaqostomum i n f e c t i o n s .
3 . 3 . 4 . Z o o lo g ic a l  S i g n i f i c a n c e
A v a r i e t y  o f  means a re  used by the  p a r a s i t i c  
nematodes f o r  the  d i s p e r s i o n  o f  i n f e c t i o n s .  Some r e l y  
on the  adhes ive  n a tu re  arid r e s i s t a n c e  o f  t h e i r  eggs 
( e .g .  A s c a r i s suum) . o th e r s  on the  m o b i l i t y  o f  t r a n s p o r t  
hos ts  ( H e te r a k i s  g a l l i n a e ) ,  p a r a te n i c  hos ts  (To xasca r Is  
1 eon i na ) o r  i n te r m e d ia te  hos ts  (T r i c h i n e l l a  s p i r a l i s ) .
W i t h i n  the  S t r o n g y l a t a ,  the  M e ta s t ro n g y lo id e a  r e q u i r e  
in te r m e d ia te  hos ts  f o r  th e  com p le t ion  o f  t h e i r  l i f e - c y c l e s ,
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With  t h r e e  e x c e p t i o n s ,  however,  no b i o l o g i c a l  a s s o c i a t i o n s  
have been r e p o r te d  f o r  th e  d i s p e r s i o n  o f  i n f e c t i v e  l a r v a e  
b e lon g in g  to the  o th e r  groups o f  v e t e r i n a r y  i n t e r e s t  w i t h i n  
t h i s  suborder.  The e x c e p t io n s  a re  the genera D i c t y o c a u lu s  
( T r i c h o s t r o n g y l o i d e a )  whose l a r v a e  a re  s c a t t e r e d  by the  
e x p lo d in g  sporang ia  o f  the  fungus Pi lob i l  u s , Stephanurus 
( S t r o n g y lo i d e a )  t h a t  uses the  ear thworm as a t r a n s p o r t  
hos t  and Syngamus ( S t r o n g y lo i d e a )  wh ich  uses a v a r i e t y  o f  
t r a n s p o r t  hos ts .  The genus Oesophaqostomum ( S t r o n g y l o i d e a ) ,  
whose la r v a e  can u t i l i z e  the  r a t  as a p a r a t e n i c  hos t  and 
the  psychod id f l y  as a t r a n s p o r t  h o s t ,  can now be added t6  
t h i s  l i s t .
El R a f a i i  (1962) c la im s  to  have shown, by a s e r i e s  o f  
u n c o n t r o l l e d  l a b o r a t o r y  expe r im e n ts ,  t h a t  cockroaches and 
earthworms can a l s o  a c t  as p a r a t e n i c  hos ts  f o r  Oesophaqostomum. 
These o b s e r v a t i o n s  need to  be con f i rm ed  b e fo re  they  can be 
accep ted ,  bu t  i t  would appear t h a t  t h i s  p a r a s i t e  may be 
d i s t r i b u t e d  by a w ide v a r i e t y  o f  b i o l o g i c a l  mechanisms.
I t  seems u n l i k e l y  t h a t  the  few ' s t r o n g y l e '  p a r a s i t e s  
mentioned in t h i s  s e c t i o n  a re  th e  o n l y  ones using these
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b i o l o g i c a l  pathways.  T h e i r  l a r v a e  are  in capab le  o f  moving 
more than a few c e n t im e t re s  f rom the dung-pa t  and f u t u r e  
i n v e s t i g a t i o n s  w i l l  d o u b t le s s  reveal  a widespread u t i l i z a ­
t i o n  o f  these ro u te s .  Indeed, t h e r e  is  a l r e a d y  some 
ev idence  t h a t  the  behav iou r  o f  O s t e r t a g ia  spp. in c a t t l e  
dung c o n t a i n i n g  d ev e lo p ing  Psychoda resembles t h a t  d esc r ibed  
f o r  Oesophagostomum in t h i s  c h a p te r  (Jacobs ,  Tod,  Dunn and 
Walker ,  I 968).
C h a p t e r  4
STUDIES ON THE CONTROL OF HELMINTHIASIS IN 
ADULT PIGS WITH MODERN ANTHELMINTICS
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INTRODUCTION
The advent  o f  the  b road -spec t rum  a n t h e l m i n t i c  has 
s t im u la t e d  a renewed i n t e r e s t  in p o rc in e  h e lm in th ia s e s .  I f  
c o n t r o l  o f  these  i n f e s t a t i o n s  is shown to be ec o n o m ic a l l y  
d e s i r a b l e ,  a r a t i o n a l  approach w i l l  be dependent  upon a know­
ledge o f  the  p reva le nce  and ep idem io logy  o f  each p a r a s i t e .  
E a r l i e r  ch ap te rs  o f  t h i s  t h e s i s  have shown the  importance o f  
the  a d u l t  p ig  as a r e s e r v o i r  o f  i n f e c t i o n  f o r  the  s t r o n g y l a t e  
p a r a s i t e s  Oesophaqostomum and H y o s t ro n g y 1 us . Any a t te m p t  to  
combat these  genera must be co n c e n t ra te d  on the  b reed in g  
s toc k ,  G I t t e r ,  Kidd and Davies (1965) suggested t h a t  the 
most co nve n ie n t  t im e  f o r  the  a p p l i c a t i o n  o f  chem otherapeu t ic  
agents  to  sows was im med ia te ly  p r i o r  to  p a r t u r i t i o n .  A t  t h i s  
t im e ,  the  animal  is  kep t  under c o n d i t i o n s  t h a t  a l l o w  individual  
feed ing,  and p o t e n t i a l  pathogens w i l l  be e l im i n a t e d  b e fo re  the 
p i g l e t s  a re  born .  The d em o n s t ra t i o n  o f  the  p e r i p a r t u r l e n t  
e g g - r i s e  (Chapter  2) c on f i rm e d  the  wisdom o f  t h i s  recommenda­
t i o n .
r Several  a u th o rs  have eva lu a ted  the  new g e n e ra t i o n  a n t h e l ­
m i n t i c s  in sows (Tab le  4 , 1 , ) ,  bu t  l i t t l e  d e t a i l e d  work has 
been performed to  d e f i n e  the  e p id e m io lo g i c a l  consequences o f
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such t re a tm e n ts .  One im po r ta n t  o b j e c t i v e  o f  the  p resen t  
s e r ie s  o f  i n v e s t i g a t i o n s  was to f i n d  o u t  i f  the  p e r i -  
p a r t u r i e n t  r i s e  cou ld  be e l im i n a t e d  by s t r a t e g i c a l l y  
a p p l i e d  chemotherapy.  The a n t h e l m i n t i c  chosen f o r  t h i s  
s tudy  was T h ip r a z o le  ( v id e  i n f r a ) , w h ich ,  a t  t h a t  t im e ,  
was the  o n l y  a n t h e l m i n t i c  whose e f f i c a c y  and s a fe t y  in the 
sow had been ade qua te ly  t e s te d .
L a t e r ,  a second b road-spec t rum a n t h e l m i n t i c ,  A tga rd  
( Vide i n f r a ) , became a v a i l a b l e  f o r  expe r im en ta l  use. 
Previous s tu d ie s  had demonstra ted i t s  a c t i v i t y  a g a in s t  
Oesophaqostomum and H yo s t ro nqy lus  in f a t t e n i n g  p igs 
( B a t t e ,  Monco l , Todd and I s e n s t e i n ,  1965; Ikeme, 1966) 
but  no i n f o r m a t i o n  had been p u b l i shed  to  s u b s t a n t i a t e  i t s  
s u i t a b i l i t y  f o r  a d u l t  p ig s .  Since  t h i s  p roduc t  was due 
to  be marketed in the  Un i ted  Kingdom w i t h i n  a few months, 
and as the  p r a c t i c e  o f  worming sows was becoming more 
w idespread,  i t  was decided t h a t  an e v a l u a t i o n  o f  i t s  
use fu ln ess  in the  t re a tm e n t  o f  b re ed in g  s t o c k  would be o f ’ 
va lu e .  I n v e s t i g a t i o n s  were t h e r e f o r e  i n i t i a t e d  t o  answer 
the  f o l l o w i n g  q u e s t io n s :
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Does a s i n g l e  dose a de qua te ly  suppress the  o u tp u t  o f  
• s t r o n g y l e '  eggs in the  faeces ,  and i f  so,  f o r  how 
long?
Are the worms e x p e l l e d  o r  is e g g - la y in g  mere ly  
i n h i b i t e d ?
Are both  Oesophaqostomum and Hyos t ronqy lu s  a f f e c t e d  
by the  compound?
What d o s e - r a te  Is r e q u i r e d  to  g iv e  the  necessary 
degree o f  a c t i v i t y ?
W i l l  t h i s  p ro duc t  a l s o  k i l l  ‘ s t r o n g y le *  eggs in the 
i n t e s t i n a l  co n te n ts?
Is the  substance easy to  a pp ly  and r e a d i l y  accepted 
by the  p igs?
W i l l  t h e  sow t o l e r a t e  a c c id e n t a l  overdosage?
W i l l  t h i s  a n t h e l m i n t i c  p rovoke a b o r t i o n  o r  inc rease  
the  r i s k  o f  p e r i - n a t a l  death?
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W i l l  i t  k i l l  the  e a r l y  foe tu s  o r  induce t e r a t o g e n i c  
e f f e c t s ?
F i n a l l y ,  a t r i a l  was conducted to  demonst ra te  t h a t  
economic b e n e f i t  cou ld  be gained f rom the  a p p l i c a t i o n  o f  
the  knowledge accrued d u r in g  the  course  o f  these  s t u d ie s .
S ince the  co m p le t io n  o f  t h i s  work ,  two p roduc ts  
designed f o r  the  the rapy  o f  m u l t i p l e  p a r a s i t i s m s  o f  swine 
have become a v a i l a b l e  t o  the  B r i t i s h  p ig  i n d u s t r y ;  I . C . I .  
Pig W o r m e r C ^ ( t e t r a m is o l e .  Im per ia l  Chemical I n d u s t r i e s  
L im i t e d )  and Loxon P r e m i x ^ ^ ( ha 1o xon , Cooper,  McDougall  
and Robertson L i m i t e d ) .  In a d d i t i o n ,  parbendazo le  
(S m ith ,  K l i n e  and French L im i t e d )  has shown promise on 
an exper im en ta l  b a s i s .
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MATERIALS AND METHODS
4 . 1 . 1 .  Farms V i s i t e d  
Farm EC:
A d e s c r i p t i o n  o f  t h i s  fa rm, t o g e th e r  w i t h  i t s  
c l i n i c a l  h i s t o r y ,  was p rov ided  in Chapter 2 (§ 2 . 1 . 1 , ) .
Farm P:
The second herd to  be s tu d ie d  d u r in g  the course  o f  
these  i n v e s t i g a t i o n s  was s i t u a t e d  in R e n f rew sh i re .  I t  Is 
a l a r g e  e n t e r p r i s e  w i t h  severa l  hundred Large Whi te  sows 
and g i l t s .  A f t e r  weaning a t  e i g h t  weeks o f  age,  the  
progeny a re  kept  on the  premises f o r  f a t t e n i n g .  The 
s tandard  o f  hyg iene  is e x c e p t i o n a l l y  h igh  and th e  worm 
burden very  low. The ' s t r o n g y l e '  egg -counts  o f  the  
l a c t a t i n g  sows were never observed to r i s e  above a few 
hundred eggs per gramme o f  faeces .  T h is  p a r t i c u l a r  farm 
was chosen because the  owner and h i s  s t a f f  were used to  
keeping d e t a i l e d  and a c c u r a te  reco rds  and cou ld  be r e l i e d  
upon t o  f o l l o w  an i n v e s t i g a t i o n  th rough to  i t s  co m p le t io n
Farm Z;
A herd known to  be h e a v i l y  i n f e s te d  w i t h  both
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Oesophaqostomum and H yos t ro nqy lus  was lo ca ted  in 
D u m f r i e s s h i re .  The 60 sows and t h e i r  progeny were 
kept  in g r o s s l y  overcrowded c o n d i t i o n s .  The i n - p i g  
sows wal lowed in a smal l  wa te r logged  paddock and were 
b rough t  in to  d i l a p i d a t e d  u nh y g ie n ic  b u i l d i n g s  f o r  
f a r r o w in g .  The p i g l e t s  were weaned a t  e i g h t  weeks o ld  
and reared to  bacon w e ig h t  in a c o ld  d ra ug h ty  f a t t e n i n g  
house. The younger s to c k  harboured Ascar is and the  
b reed in g  an imals c a r r i e d  l a rg e  numbers o f  l i c e  
( Haematopinus s u i s ) ,
4 . 1 . 2 .  A n t h e l m i n t i c s  Used
T h Ip r a z o le
T h is  is  a p roduc t  developed by Merck Sharp and 
Dohme L im i t e d  t h a t ,  a t  the  t ime o f  t h i s  i n v e s t i g a t i o n - ,  
c o n ta in ed  4% th ia b e nd a z o le  and 8% p icadex.  '
Th iabendazo le  ( 2 - ( 4 - t h i a z o l y l ) b e n z i m i d a z o l e )  has the  
f o l l o w i n g  s t r u c t u r e :
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T h is  compound combines a b roadspec t rum o f  a n t h e l m i n t i c  
a c t i v i t y  w i t h  a wide s a f e t y  marg in .  I t s  use in p igs  has 
been eva lua ted  on severa l  occas ions  ( v i d e  Tables  4 ,1 .  and 
4 . 2 , ) .
Picadex is a p i p e r a z in e - c a r b o n  d i s u l p h i d e  complex
( p i p e r a z i n e - 1 - c a r b o d i t h i o i c  a c i d ) ;  ^
(>S
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i t  has good a s c a r i c i d a l  p r o p e r t i e s  ( K e l l y ,  Olsen and 
Garwood, 1956) and thus complements th ia b e n d a z o le  wh ich  
is p a r t i a l l y  d e f i c i e n t  in t h i s  re sp e c t  (Le i  per and 
Crowley ,  1963) .  In the  stomach, p icadex  re le ase s  carbon 
d i s u l p h i d e  which  has been s p e c i f i c a l l y  used in the  pas t  
a g a in s t  H. rub idus  ( v id e  Î n f r a ) .
A tga rd
The a c t i v e  p r i n c i p l e  o f  t h i s  p roduc t  ( s u p p l i e d  by 
S he l l  I n t e r n a t i o n a l  Chemical Company) is the  o rgano- 
phosphorus compound, d i c h l o r v o s  (O ,0 -d im e th y 1 -2 ,2 -
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d î c h l o r o v in y l  phosphate ) :
Th is  substance is  i n c o rp o ra te d  i n t o  p o l y v i n y l  c h l o r i d e  
(PVC) p e l l e t s  des igned to  g iv e  a s low and su s ta in e d  
I re lease  o f  d i c h l o r v o s  d u r in g  t h e i r  passage th rough  the
i a l im e n ta r y  t r a c t .  The p e l l e t s  have proved to  be h i g h l y
I e f f e c t i v e  a g a in s t  a wide range o f  g a s t r o - I n t e s t i n a l
I nematodes i n c l u d i n g  a l l  those  l i s t e d  in Chapter  1 as
i endemic in the  B r i t i s h  p ig  p o p u la t i o n  ( B a t t e ,  Moncol ,
I Todd and I s e n s t e i n ,  1965; Ferguson,  1966; Ikeme, 1966).
4 . 1 , 3 ,  Exper imental  Designs
Exper iments 4 .1 ,  -  4 . 4 .  were per formed on Farm EC.
ExperIment  4 . 1 .
Each sow f a r r o w in g  between November, 1966 and 
February ,  1967 was t r e a t e d  on a s i n g l e  occas ion  w i t h  
6 0 2 . T h ip r a z o le .  The drug was a d m in i s te re d  one week 
b e fo re  the  a n t i c i p a t e d  da te  o f  f a r r o w in g  by m ix in g  the  
medicated p e l l e t s  w i t h  the  normal r a t i o n .  E f f o r t s  were
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made to  persuade th e  farmer to  leave  a p r o p o r t i o n  o f  h i s  
b reed ing  s to c k  u n t re a te d  t o  se rve  as c o n t r o l s .  T h is  
reques t  was, however,  re fuse d .  Faecal egg-counts were 
per formed a t  weekly  i n t e r v a l s .  The r e s u l t s  o b ta in e d  
were compared w i t h  those f rom nearby u n t re a ted  herds 
( p r e v i o u s l y  d iscussed  in Chapter  2 ) ,
Exper iment  4 . 2 .
S i x t y  sows, a l l  in t h e  e a r l y  s tages o f  pregnancy,  
were s e le c te d  d u r in g  the  p e r io d  Apr i l - J u l y ,  1967 and 
randomly a l l o t t e d  to  f o u r  expe r im en ta l  groups each 
c o n t a i n i n g  15 a n im a ls .  One group was not  su b je c te d  to  
any t re a tm e n ts  and used as a c o n t r o l ,  w h i l s t  the  sows o f  
the  o th e r  t h r e e  were g iven  s i n g l e  doses o f  d i c h l o r v o s  a t  
ra tes  o f  1.96 g . , 1.44 g. and 1.15 g. ( i . e .  11 g . , 8 .25  g. 
and 6 .67  g. o f  the  f o rm u la te d  p ro d u c t )  per p ig  r e s p e c t i v e l y  
The an imals  were t r e a t e d  i n d i v i d u a l l y  by i n c o r p o r a t i o n  o f  
the  p e l l e t s  I n to  each sow's normal r a t i o n  o f  meal.
Twice weekly faeca l  samples were taken f rom each sow 
f rom the  second week b e fo r e  t r e a tm e n t  u n t i l  the  end o f  the
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second week a f t e r  the  a d m i n i s t r a t i o n  o f  the  d rug ,  and 
once weekly t h e r e a f t e r  f o r  a f u r t h e r  seven weeks, Egg- 
counts  were per formed by the  McMaster method (Chapter  2) 
and l a r v a l  c u l t u r e s  by the  Baermann te ch n iq ue  (Chapter  1),
Exper iment  4 . 3 -
Two groups o f  f i v e  sows were s e le c te d  randomly f rom 
the  herd.  The r i s k s  a s s oc ia te d  w i t h  a c c id e n ta l  o v e r ­
dosage were i n v e s t i g a t e d  by g i v i n g  each animal  a s i n g l e  
l a rg e  dose o f  the  p roduc t  one to  two weeks b e fo re  the  
expected da te  o f  f a r r o w in g .  The sows o f  one group 
rece ived  33 g. o f  p e l l e t s  (5 .76  g. d i c h l o r v o s )  and those  
o f  the  o t h e r  66 g. (11.5% g. a c t i v e  i n g r e d i e n t ) .
Exper iment  4 . 4 .
In o r d e r  to  e s t im a te  the  i n f l u e n c e  exe r te d  by the  
drug on the  v i a b i l i t y  o f  ' s t r o n g y l e '  eggs l y i n g  in the  
i n t e s t i n a l  co n te n ts  o r  faeces ,  a f u r t h e r  group o f  20 sows 
was s e le c te d  a t  random and g iven 1.44 g, d i c h l o r v o s  
( 8 .25  g. o f  p e l l e t s ) .  Faecal samples were taken 
immed ia te ly  b e fo re ,  and 24 hours a f t e r ,  a d m i n i s t r a t i o n
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o f  the  a n t h e l m i n t i c .  Ten-gramme samples were weighed ou t  
and the  number o f  l a r v a e  ha rves ted  a f t e r  seven days incuba­
t i o n  noted.  Every ca re  was taken to  m a in ta in  the  two se ts  
o f  samples under i d e n t i c a l  c o n d i t i o n s .
I t  w i l l  be shown in Chapter  6 t h a t  g u in e a -p ig s  g iven 
Oesophaqostomum la r v a e  o f  p o r c in e  o r i g i n  by stomach tube 
deve lop  e a s i l y  v i s i b l e  l e s io n s  by the  n i n t h  day a f t e r  
i n f e c t i o n .  T h is  o b s e r v a t i o n  was used f o r  the  development 
o f  a r a p id  inexpens ive  l a b o r a t o r y  t e ch n iq ue  f o r  e v a l u a t i n g  
the  i n f e c t i v i t y  o f  t h i r d  s tage  la r v a e  o f  t h i s  genus. Four 
g u in e a -p ig s  were each in o c u la te d  w i t h  10,000 t h i r d  s tage 
j u v e n i l e s  c u l t u r e d  f rom the  p o s t - t r e a tm e n t  faeca l  samples, 
and a f u r t h e r  f o u r  were g iven  a s i m i l a r  number f rom the  
p r e - t r e a tm e n t  samples.  The presence,  a f t e r  n in e  days,  o f  
p a r a s i t i c  nodules was taken as c o n f i r m a t i o n  o f  i n f e c t i v i t y ,  
whereas f a i l u r e  to  produce the  c h a r a c t e r i s t i c  l e s i o n s  was 
assumed to  i n d i c a t e  l a r v a l  incompetence.
Exper iment  4 , 5 ,
The p rev iou s  exper im en ts  measured th e  e f f i c a c y  o f  the
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a n t h e l m i n t i c  in terms o f  r e d u c t i o n  in faeca l  egg -coun ts .  
Th is  method is no t  e n t i r e l y  s a t i s f a c t o r y  as i t  leaves the  
p o s s i b i l i t y  t h a t  the  t o x i c a n t  may o n l y  i n h i b i t  e g g - l a y i n g  
w i t h o u t  e x p e l l i n g  the  worm burden.  D i r e c t  o b s e r v a t i o n s  
o f  the  behav iour  o f  the  nematode p o p u la t i o n s  o f  t r e a t e d  
an imals  were t h e r e f o r e  made us ing  the  te ch n iq ue  d esc r ibe d  
by Gibson (1965) as the  c r i t i c a l  t r i a l .  T h is  method is 
ex t rem e ly  t ime consuming and f i n a l l y  i n vo lves  the  
s l a u g h t e r  o f  the  expe r im en ta l  s u b j e c t .  Thus,  in f i e l d  
i n v e s t i g a t i o n s ,  i t  can o n l y  be used to  supplement 
i n f o r m a t i o n  gathered  by o th e r  means.
Three emac iated  sows were purchased f rom Farm Z 
and placed in metabo l ism cages (d e s c r ib e d  in Chapter  5)-  
Each was t r e a t e d  w i t h  1.44 g. d i c h l o r v o s .  A l l  faeca l  
m a te r ia l  produced by these  an imals  f o r  seven days a f t e r  
t r e a tm e n t  was c o l l e c t e d  and examined f o r  th e  presence o f  
nematode p a r a s i t e s .  The sows were s la u g h te r e d  and the  
g a s t r o - i n t e s t i n a l  t r a c t  searched f o r  h e lm in th s  by the  
methods o u t l i n e d  in Chapter  K  The percen tage  e f f i c a c y  
o f  the  a n t h e l m i n t i c  was o b ta in e d  by compar ing the  numbers
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o f  worms e x p e l l e d  and the  number r e t a i n e d  w i t h i n  the  host .
Exper iment  4 . 6 .
T h is  p r o j e c t  r e q u i r e d  the  c a r e f u l  documenta t ion  o f  
1 i t t e r - w e i g h t s  and was t h e r e f o r e  per formed on Farm P.
Every second sow t h a t  was due to  f a r ro w  d u r in g  March and 
A p r i l ,  1967 was g iven  a s i n g l e  dose o f  1.44 g. d i c h l o r v o s  
in t h e  PVC f o r m u la t i o n  ten days b e fo re  the  e s t im a te d  date  
o f  f a r r o w in g .  The rema in ing  dams ac ted as u n t re a te d  
contro ls .  The f o l l o w i n g  i n f o r m a t i o n  was c o l l e c t e d ;
Name and boar t h a t  f a th e re d  l i t t e r  
Number o f  p i g l e t s  born a l i v e  
Number born dead
Age o f  p i g l e t s  a t  the  '3 -w ee k '  and '8 -week '  
we igh ings
Number o f  p i g l e t s  s t i l l  a l i v e  a t  the  '3 -week '  and 
'8 -week '  w e ig h ing s .
These data  were used to  compute the  p r o d u c t i v i t y  o f  
t r e a t e d  and u n t re a ted  sows in terms o f  l i t t e r  s i z e  and 
g r o w t h - r a t e .  The terms '3 -week '  and '8 -week '  a re  p laced 
w i t h i n  in v e r te d  commas because th e  l i t t e r s  were o f t e n
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weighed one o r  more days b e fo re  o r  a f t e r  th e  r e q u i r e d  da te ,  
p i g l e t s  grow so r a p i d l y  t h a t  account  has to  be taken  o f  the  
exac t  age o f  the  p i g l e t s  in days when c a l c u l a t i n g  the  
r e s u l t s  o f  such a t r i a l .
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RESULTS
4 . 2 , 1 .  Suppression o f  the  Per i  p a r t u r i e n t  Eqq-Rîse
Data o b ta in e d  d u r i n g  Exper iment  4 .1 .  f rom the  examina­
t i o n  o f  396 faeca l  samples a re  g iven  in Appendix 4 ,  T ab le  1, 
and mean va lues  a re  d is p la y e d  g r a p h i c a l l y  in F ig ,  4 ,1 ,  The 
diagram shows the  average faeca l  ' s t r o n g y l e '  egg-counts  f rom 
sows d u r in g  the  f i r s t  14 weeks o f  pregnancy ( t o  the  l e f t  o f  
the  main body o f  the  h is tog ra m )  and f o r  each week o f  the  
p a r t u r i e n t  p e r iod  ( i . e .  two weeks b e fo re  f a r r o w in g  u n t i l  
the  n i n t h  week a f t e r ) .  The shaded areas re p re sen t  the  
t r e a t e d  herd (Farm EC). These r e s u l t s  a re  superimposed 
upon an i l l u s t r a t i o n  o f  the  r e g u la r  p e r i p a r t u r i e n t  r i s e  as 
i t  o c cu r red  on Farm B (Chapter  2 ) .
A f t e r  t r e a tm e n t ,  the  mean number o f  ova be ing shed in 
the  hos t  faeces f e l l  f rom around 8,000 e . p . g .  to  a minimal  
v a lu e  o f  350 e . p . g .  f o u r  weeks a f t e r  p a r t u r i t i o n .  The 
apparent  de lay  o f  one week between the  a d m i n i s t r a t i o n  o f  the  
a n t h e l m i n t i c  and the  r a p id  d e c l i n e  in the  e g g -o u tp u t  is an 
a r t i f a c t .  The le n g th  o f  g e s t a t i o n  in the  p ig  is  no t  a 
c o ns ta n t  v a lue  and conseq uen t l y  th e  p e r iod  between medica­
t i o n  and p a r t u r i t i o n  v a r i e s .  Some p igs  far rowed w i t h i n  a
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week o f  d o s ing ,  o th e rs  d id  no t  produce p i g l e t s  u n t i l  more 
than seven days had e lapsed .  Egg-counts remained low u n t i l  
a f t e r  weaning,  when they  c l imbed up to  the  p r e p a r t u r i e n t  
1e v e l .
B e t t e r  r e s u l t s  s t i l l  m igh t  have been o b ta in ed  i f  the  
sows had taken the medicated f e e d s t u f f  more r e a d i l y .  The 
r a t i o n  was eaten by the  m a j o r i t y  o f  p ig s  a f t e r  a s h o r t  
pe r iod  o f  r e lu c t a n c e ,  bu t  i t  was t o t a l l y  r e j e c t e d  by a few. 
In o r d e r  to  e n t i c e  these  a n im a ls ,  sugar o r  molasses was 
added to  the  food.  Even so,  t h r e e  days sometimes elapsed 
b e fo re  a l l  the  T h ip r a z o le  had been consumed.
4 . 2 . 2 .  The B i o l o g i c a l  E v a lu a t io n  o f  D ic h lo r v o s  
P a l a t a b i l i t y  (Exper iments 4 . 2 . - 4 . 6 . ) :
Each o f  the  sows used f o r  these  t r i a l s  accepted meal 
c o n t a i n i n g  d i c h l o r v o s  p e l l e t s  w i t h  the  eagerness u s u a l l y  
d i s p la y e d  on be ing fed -  even in those cases where c o n s i d e r ­
a b le  overdoses were o f f e r e d .
Eqq-Counts (Exper iment  4 . 2 . );
A d m i n i s t r a t i o n  o f  d i c h l o r v o s  a t  a l l  t h r e e  d o s e - r a te s
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caused an immediate d e c l i n e  in the  faeca l  o u t p u t  o f  
' s t r o n g y l e '  eggs ( F i g .  4 . 2 . ) .  A compar ison o f  the  
average egg-counts  f rom each group o f  sows f o r  the  
two weeks p re v iou s  t o ,  and subsequent  to t re a tm e n t ,  
showed t h a t  whereas the  number o f  eggs per gramme o f  
faeces shed by the  c o n t r o l  group increased by 32 . 9% 
d u r i n g  t h i s  p e r io d ,  the  co r re sp o n d in g  f i g u r e s  f o r  the  
t r e a t e d  groups had f a l l e n  by up to  97.5% (Tab le  4 . 3 - ) .
A very  low le v e l  o f  e g g - p r o d u c t i o n  was ma in ta in ed  f o r  
s i x  weeks o r  more a f t e r  t r e a tm e n t .
F ig u re  4 ,3 -  shows the  number o f  sows in which 
p a te n t  Oesophaqostomum i n f e c t i o n s  cou ld  be demonstra ted .  
A very  h igh p r o p o r t i o n  o f  sows o f  the  c o n t r o l  group shed 
Oesophaqostomum eqqs th rou g ho u t  the  d u r a t i o n  o f  the  
exper im en t .  On the  o th e r  hand, the  t r e a t e d  an imals  
y i e l d e d  r e l a t i v e l y  few p o s i t i v e  samples d u r in g  the s i x  
weeks f o l l o w i n g  the  a d m i n i s t r a t i o n  o f  the  drug.
The numbers o f  sows i n f e s t e d  w i t h  H. rub idus  was 
much s m a l le r  ( F i g .  4 . 4 , ) .  The two l a r g e r  d o s e - r a te s
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(1 .4 4  g. and 1.96 g. d i c h l o r v o s )  appeared t o  c o n t r o l  
t h i s  p a r a s i t e ,  no Hyo s t ro nqy lus  eggs be ing  shed f o r  
t h r e e  weeks o r  more a f t e r  t re a tm e n t ,  A l e s s e r  degree o f  
success was o b ta in ed  w i t h  the  s m a l l e s t  dosage r a te .
C r i t i c a l  T r i a l  (Exper iment  4 . 5 . ) :
The Oesophaqostomum p o p u la t i o n s  (wh ich  inc luded  
f o u r t h  and f i f t h  s tage  la r v a e  as w e l l  as a d u l t s )  in the  
lumen o f  the  l a rg e  i n t e s t i n e s  o f  the  t h r e e  expe r im en ta l  
sows were c o m p le te l y ,  o r  a lm os t  c o m p le te l y ,  el im ina ted  
f rom the  hos t  (Tab le  4 . 5 . ) .  In a d d i t i o n ,  the  few T r i chu r  i s 
and a s c a r id s  harboured by these an imals  were a l l  e x p e l l e d .  
Almost  a l l  o f  the  e je c te d  worms appeared in the  faeces on 
the  t h i r d  and f o u r t h  days a f t e r  t r e a tm e n t .
No H. rub idus  were found in th e  faeces o f  these sows. 
T h is  nematode is n o rm a l l y  lo ca te d  under the  la y e r  o f  mucus 
c o v e r in g  the  g a s t r i c  mucosa, which may de lay  the  passage o f  
dead worms in to  the  in ges ta .  I t  seems p robab le  t h a t  the 
s t r u c t u r e  o f  the  worms is a l t e r e d  beyond r e c o g n i t i o n  by the  
d i g e s t i v e  processes d u r in g  the  t h r e e  o r  f o u r  days in t r a n s i t
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a f t e r  t r e a tm e n t .  T a f f s  ( 1968b) has reached a s i m i l a r  
c o n c lu s io n  as a r e s u l t  o f  h i s  own e xpe r iences .  In 
a d d i t i o n ,  i t  may be noted t h a t  Mendes, Rocha, Rocha,
Se r ra ,  de Campos and R i b e i r o  (1967) have observed i n t r a ­
lumina l  d i s i n t e g r a t i o n  o f  nematodes k i l l e d  by d i c h l o r v o s .  
The copious q u a n t i t i e s  o f  faeca l  m a te r ia l  produced by 
a d u l t  p igs  add to  the  d i f f i c u l t i e s  o f  the  search ,  so t h a t  
t h i s  n e g a t i v e  f i n d i n g  does no t  n e c e s s a r i l y  mean t h a t  no 
H. rub idus  had been e x p e l l e d .  Twelve a d u l t  members o f  t h i s  
spec ies  were recovered f rom the  stomach o f  one sow, none 
f rom the  o t h e r  two.
O v i c i d a l  E f f e c t  (Exper im ent  4 . 4 . ) :
The h a t c h a b i l i t y  o f  the  eggs shed in the  faeces o f  
the  sows 24 hours a f t e r  t re a tm e n t  was not  i n f lu e n c e d  by the  
d i c h l o r v o s ,  s in c e  equal numbers o f  l a r v a e  were recovered 
f rom the  p re -  and p o s t - t r e a t m e n t  samples (Ta b le  4 . 5 . ) .  The 
drug d i d ,  however,  a f f e c t  the  development o f  a p r o p o r t i o n  
o f  the  hatched l a r v a e  as o n e - t h i r d  o f  these were s t u n te d ,  
hav ing  f a i l e d  to  reach the  second m ou l t .
Those j u v e n i l e s  t h a t  d id  become t h i r d  s tage  ensheathed
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l a r v a e  were shown by the  g u in e a - p ig  t e s t  to  be i n f e c t i v e .
T o x i c i t y  (Exper iments 4 . 2 . - 4 . 6 . ) :
A l t o g e t h e r  a t o t a l  o f  84 p regnant  females were t r e a te d  
w i t h  between 1.15 and 1.96 g . d i c h l o r v o s .  in a d d i t i o n ,  
gross excesses o f  fo rm u la te d  p roduc t  (up t o  66 g . ) were 
a dm in i s te re d  to  ten sows one to  two weeks b e fo re  p a r t u r i ­
t i o n .  W i th o u t  e x c e p t io n ,  f a r r o w in g  proceeded n o r m a l l y  and 
h e a l th y  l i t t e r s  were produced. No s ig ns  o f  acu te  i n t o x i c a ­
t i o n  were noted on c l i n i c a l  i n s p e c t i o n  o f  the  t r e a t e d  an imals
4 . 2 . 3 -  The E f f e c t  o f  D i c h lo r v o s  on Sow P r o d u c t i v i t y
The p r o d u c t i v i t y  o f  the  t r e a t e d  sows on Farm P ( E x p e r i ­
ment 4 . 6 . )  tended to  be g r e a t e r  than t h a t  o f  the  u n t re a te d  
c o n t r o l  an imals (Tab le  4.6., Append ix 4,  T ab le  3 ) .  A t  
p a r t u r i t i o n ,  the  exper imen t  was u n i n t e n t i o n a l l y  b iased  
a g a in s t  the  t re a tm e n t  as l a r g e r  l i t t e r s  (bo th  In terms o f  
numbers o f  p i g l e t s  born and t h e i r  combined w e ig h ts )  were 
born to the  c o n t r o l  an im a ls .  By the  t im e  o f  the  '8 -week '  
w e igh ing ,  however,  t h i s  r e l a t i o n s h i p  was reve rsed ,  t h e re  
being  fewer p o s t - n a t a l  deaths  amongst th e  o f f s p r i n g  o f  the
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t r e a t e d  sows. The s u r v i v i n g  p i g l e t s  o f  the  l a t t e r  group 
grew more r a p i d l y  so t h a t  a t  e i g h t  weeks o f  age the  average 
w e ig h t  per animal  was 0 .2 6  lb s .  h ea v ie r  than the  co r respond ­
ing f i g u r e  f o r  the  progeny o f  the  u n t re a te d  dams.
These r e s u l t s  were su b m i t te d  f o r  s t a t i s t i c a l  a n a l y s i s .  
The d i f f e r e n c e s  were not  s i g n i f i c a n t  a l t ho u gh  t h e re  was an 
apparen t  tendency in fa v o u r  o f  th e  t r e a te d  group.  in  o rd e r  
to  prove the  o ccu r re nce  o f  a 5% d i f f e r e n c e  w i t h  t h i s  degree 
o f  v a r i a b i l i t y ,  one would need to  have 390 sows in each 
expe r im en ta l  group.  I f  the  rea l  d i f f e r e n c e  is in th e  o rd e r  
o f  10%, 98 would be re q u i r e d .
Periparturient Egg-rise








Farm EC Farm B 
preg.)
Anthelmintic - Single dose
Fig 4.1 Faecal 'strongyle' egg-counts (herd averages) from sows on Farm EC 
(shaded), that were treated with a thiabendazole/picadex mixture one week 
before the expected date of farrowing, compared with those from Farm B 
(unshaded) which received no anthelmintic treatment (cf Fig 2.1.). Each 
vertical column represents one week. On either side of the histogram, the 











Fig 4.2 Average faecal 'strongyle' egg-counts for three groups of 15 sows 
treated with formulated dichlorvos (quantities refer to active principle) 
and one untreated control group. Treatment was given at T'; the interval 











Fig 4.3 The proportion of sows from an untreated control group and three 
groups of 15 sows treated with formulated dichlorvos (quantities refer 
to active principle) in which patent Oesophagostomum m ie c t io n s  could 
be detected. Treatment was given at 'T'; the interval T - P' represents 










Fig 4.4 The proportion of sows in an untreated group, and three groups of 
15 sows treated with formulated dichlorvos (quantities refer to active 
principle) in which patent Hyostrongy/us infections could be detected. 
Treatment given at 'T'; the interval *T - P' represents the prepatent
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Table 4 .3 .  -  Comparison o f  the Average 'S trongy le* Egg-count 
o f  four groups o f  15 sows during the  two weeks previous  
to ,  and the two weeks fo l lo w in g ,  treatm ent w ith  
Dichlorvos p e l le ts
Treated  groups 
U ntreated (grammes d ic h lo rv o s ) 
group per sow
1.15 1 .44 1.96
P re-trea tm en t e .p .g . 788 907 925 982
P o st-trea tm ent e .p .g . 1 ,047 58 23 29
Percentage change 32.9
i ncrease
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terms o f  1 î t t e r - s i z e  and g r o w t h - r a t e )  o f  sows g iven  a
s i n g l e  p r e - n a t a l  t re a tm e n t o f  1.44 g . d i c h l o r v o s
and t h a t  o f  u n t re a te d  c o n t r o l s .
A l l  w e ig h t s are in lb s .
The a u tho r  wishes to  thank Mr, M Rober ts  and Mr. P. Hunt ,
S he l l  Research L im i t e d , f o r  p e r fo rm in g
the  s t a t i s t i c a l ana lys  i s .
Unt reated T reated
C o n t r o ls Group
No. o f  sows: 19 19
No. o f  p i g l e t s :
born a l  ive 212 197
born dead 13 15
No. o f  p igs  s u r v i v i n g ;
t o  t h r e e  weeks 181 180
to  e i g h t  weeks 164 169
Average w e ig h t  per p ig
a d ju s te d  f o r  age;
a t  b i r t h 2 .9 3.0
a t  t h r e e  weeks 10.35 10.23
a t  e i g h t  weeks 33.59 33.85
Average l i t t e r  w e ig h t
a d ju s te d  f o r  age;
a t  b i r t h 32.4 30.8
a t  t h r e e  weeks 98.6 97.9
a t  e i g h t  weeks 295.4 306.4
2 0 0
DISCUSSION
4 . 3 , 1 . C h a r a c t e r i s t i c s  D e s i r a b le  f o r  an A n t h e l m i n t i c  
f o r  A d u l t  Pigs
Spectrum o f  A c t i v i t y :
The su rvey d e s c r ib e d  a t  l e n g th  in Chapter  1 o f  t h i s
t h e s i s  p rov ides  the  da ta  necessary  f o r  d e f i n i n g  the  re q u i re d
b i o c i d a l  p r o p e r t i e s .  The nematodes o f  paramount importance
in B r i t i s h  sows and boars a re  w i t h o u t  doubt  Oesophagostomum
spp. and H, r u b i d u s . Any medicament in tended f o r  t h i s  c la s s
o f  l i v e s t o c k  must be capab le  o f  e x p e l l i n g  these two genera.
The sow is o f  minor s i g n i f i c a n c e  in the  e p idem io logy  o f  the
o t h e r  worms im p o r tan t  in growing p igs  such as Ascar  is  and
T r i c h u r i s . Consequen t ly ,  i t  is  no t  e s s e n t i a l  t h a t  the
chosen a n t h e l m i n t i c  shou ld  show e f f i c a c y  a g a in s t  these ,  bu t
such a c t i v i t y  would be a u se fu l  bonus as a smal l  m i n o r i t y
o f  sows do a c t  as c a r r i e r s .
S a f e t y :
In a d d i t i o n  to  t h e  usual c r i t e r i a  o f  a c c e p t a b i l i t y  
re g a rd in g  acu te  and c h r o n i c  hazards to  the  p a t i e n t ,  the user  
and the  consumer,  any p rodu c t  under c o n s i d e r a t i o n  must be 
shown to  be f r e e  f rom t e r a t o g e n i c  e f f e c t s .  I t  must not
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provoke a b o r t i o n  and i t  must no t  i n t e r f e r e  w i t h  spermato-  
genes Î s .
E a r l i e r  Candidate  Compounds:
U n t i l  the  i n t r o d u c t i o n  o f  the  b road-spec trum 
a n t h e l m i n t i c s  less than a decade ago, carbon d i s u l p h i d e  
was the  compound most o f t e n  used to  combat h y o s t r o n g y 1 os i s . 
B oz i c e v ic h  and W r igh t  (1935) showed t h a t  volumes o f  0 .027 
to 0 .22  m l / k g .  body -w e igh t  gave a percen tage  c o n t r o l  v a r y ­
in g  f rom 4 l  t o  100. Dewes ( c i t .  Dodd, I960) r e p o r t s  good 
c l i n i c a l  responses a f t e r  the  use o f  t h i s  d rug.  Dodd recom­
mends a dose o f  3-5 m l . / lO O  lb s .  b ody -w e igh t .  Shanks
( 1965) ,  however,  found t h a t  two doses o f  15 m l . produced no 
b e n e f i c i a l  e f f e c t  and he comments on the  p r a c t i c a l  i n ­
convenience o f  a d m i n i s t e r i n g  l i q u i d s  to  sows. Signs o f  
t o x i c i t y  have been seen a t  0 ,2  m l / k g .  (B o z ic e v ic h  and 
W r ig h t ,  1935).
The p ip e r a z in e  compounds, wh ich  a re  ex t rem e ly  use fu l  
in the c o n t r o l  o f  a s c a r i a s i s ,  have 1 i t t l e  o r  no i n f l u e n c e  
on H. rub idus  (E n z ie ,  W i lkens  and Col g l a z i e r ,  1958).  These
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a u th o rs  a l s o  t e s te d  these s a l t s  a g a in s t  Oesophagostomum 
spp. At  a d o s e - r a te  o f  110 mg/kg.  in d r i n k i n g  w a te r ,  the  
c i t r a t e  and d i h y d r o c h l o r i d e  proved to  be a lm os t  100% 
e f f e c t i v e ,  w h i l s t  o t h e r  analogues were less s a t i s f a c t o r y .
There is widespread fee l  ing ,  however,  t h a t  even the  
d i h y d r o c h l o r i d e  has a v a r i a b l e  po tency ,  perhaps because o f  
the  development o f  drug  r e s i s t a n t  s t r a i n s  o f  t h e  p a r a s i t e  
(Mendes, Rocha, Rocha, S e r ra ,  de Campos and R i b e i r o ,  I 967).
Gibson (1965) l i s t s  a number o f  re fe re n ce s  to  the  use 
and tox ic  e f f e c t s  o f  p h e n o t h ia z i ne in the  the rapy  o f  
Oesophagostomum i n f e c t i o n s .  Q u a n t i t i e s  in excess o f  
100 mg/kg. g i v e  64-100% c o n t r o l .  Andrews and C o nne l ly  (1944) 
wormed■pregnant  sows a few days b e fo re  f a r r o w in g  a t  220 mg/kg. 
Acute  t o x i c i t y  may occu r  w i t h  doses as low as 440 m g /kg . ,  bu t  
many p igs  w i l l  t o l e r a t e  g r e a t e r  amounts than t h i s .
Hygromycin B is an a n t i b i o t i c  w i t h  a n t h e l m i n t i c  
p r o p e r t i e s .  I f  g iven  as a feed a d d i t i v e  i t  w i l l  depress o r  
i n h i b i t  ova p ro d u c t i o n  by female oesophagostomes (Goldsby 
and Todd, 1957) and w i l l  expel 1 the  worms a f t e r  a p e r io d  o f
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weeks (McCowan, G o s s e t t ,  C a l le n d e r  and B ra nd t ,  I 96O).
Modern Genera t ion  A n t h e l m i n t i c s :
C l e a r l y ,  none o f  the  compounds d esc r ibe d  above even 
approaches the  s tandards  o f  per formance r e q u i r e d  f o r  the 
t re a tm e n t  o f  sows. W i t h i n  re ce n t  years ,  however,  much 
progress has been made in the  f i e l d  o f  chemotherapy.  
A n t h e l m i n t i c s  a re  now a v a i l a b l e  t h a t  possess a wide 
spectrum o f  a c t i v i t y  a g a in s t  bo th  a d u l t  and f o u r t h  stage 
nematodes y e t  have a low mammalian t o x i c i t y .  The f i r s t  
compound to  be e x p l o i t e d  in t h i s  way was t h i a b e n d a z o le .
When Shanks (1963,  65) e v a lu a te d  t h i s  drug a g a in s t  
H. rub idus  he recorded p re t r e a tm e n t  egg -counts  o f  up to
32,000 e . p . g .  A l tho u gh  he found no Oesophagostomum a t  
pos t  mortem, the  eggs he counted must have been produced 
p r i m a r i l y  by t h i s  genus as H y o s t ro n g y 1 us has a v e ry  low 
b i o t i c  p o t e n t i a l  (Davidson,  Murray and S u th e r la n d ,  I 968) .  
The h ig h e s t  H. rub idus  egg-coun t  recorded  by Connan (1967a) 
was 220 e .p . g .  in a sow t h a t  harboured over  10,000 a d u l t  
worms. L a te r  s t u d ie s  have,  however, p rov ided  c o n c l u s i v e
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ev idence  o f  the  va lu e  o f  t h i a b e n d a z o le  a g a in s t  H yo s t ro ng y1 us 
(Tab les  4 .1 .  and 4 . 2 , ) .  A lso  t a b u la te d  is  data  s u p p o r t i n g  
the  m a n u fa c tu r e r ' s  c la im s  f o r  the  a c t i o n  o f  th ia b e n d a z o le  
a g a in s t  Oesophagostomum spp.
Davidson and T a f f s  (1965) s t a t e  t h a t  t h ia b e n d a z o le  may 
be s a f e l y  g iven  to  pregnant  sows soon b e fo re  f a r r o w in g .
T h is  drug possesses a use fu l  o v i c i d a l  p ro p e r t y  ( T a f f s  and 
Davidson,  1967; T a f f s ,  1968c). T h is  enab les  sows to  be 
moved i n t o  d i s i n f e c t e d  premises as e a r l y  as s i x  hours a f t e r  
t re a tm e n t .  The main d isadvan tage  o f  th ia b e n d a z o le  Is t h a t  
i t  is d i s t a s t e f u l  t o  a p r o p o r t i o n  o f  sows (C a i rns  and 
Hargreaves,  1966).  The u n p a l a t a b i 1 i t y  noted in the  p resen t  
work was a consequence o f  the  p icadex  r a t h e r  than o f  the  
th iab e n d a z o le  i t s e l f .  Several  farmers  have re p o r te d  
v e r b a l l y  to  the  a u th o r  t h a t  the  t h i a b e n d a z o le - p ic a d e x  
m ix t u r e  sometimes s t i m u l a t e s  emesis.  Newer f o r m u la t i o n s  
( T h ip r a z o l e  Sow Wormer^K)} o m i t  the  p i p e r a z in e  s a l t  thus 
r e c t i f y i n g  these f a u l t s .
The o th e r  b road-spec trum a n t h e l m i n t i c s  appear t o  be
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more p a l a t a b l e  t o  p ig s .  T e t r a m îs o le ,  f o r  example,  is  
h i g h l y  e f f e c t i v e  a g a in s t  Oesophagostomum and H y o s t r o n g y !u s , 
a l tho u gh  some f i e l d  and l a b o r a t o r y  t r i a l s  have g iven 
d i s a p p o i n t i n g  r e s u l t s  (Tab les  4 .1 ,  and 4 . 2 . ) ,  Good 
a c t i v i t y  is shown a g a in s t  Ascar is  and M e ta s t ro n g y 1 u s . bu t  
no t  T r i chur  Î s (W a l ley ,  1967).  S l i g h t  s igns  o f  t o x i c i  t y  
may sometimes be seen a t  15-20 mg/kg.  (W a l ley ,  1967).
Th is  compound can be a d m in i s te r e d  by i n j e c t i o n  as w e l l  as 
per o s .
D ic h lo r v o s  in s low re le a s e  f o r m u la t i o n  may be g iven  
to  pregnant  sows in massive overdoses w i t h o u t  i l  1 - e f f e c t  
as was shown in the  p resen t  s tu d y .  In a d d i t i o n  to  
Oesophagostomum and H y o s t r o n g y !u s , i t  is e f f e c t i v e  a g a in s t  
A s c a r i s , T r i c h u r I s  and Globocephalus bu t  i t s  per formance 
a g a in s t  S t r o n q y lo id e s  is v a r i a b l e .  The p re sen t  f o rm u la ­
t i o n  is r e a d i l y  taken in meal o r  mash r a t i o n s  but  i t s  
p hys ica l  form ( p l a s t i c  g ra n u le s )  is  not  ideal  f o r  m ix in g  
w i t h  p e l l e t e d  o r  cubed food.
Widespread use in the  f i e l d  has con f i rmed  t h a t
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d i c h l o r v o s ,  th iab e nd a z o le  and t e t r a m i s o l e  a re  f r e e  f rom 
t e r a t o g e n i c  and mutagenic in f l u e n c e s .
A t  the  t im e  o f  w r i t i n g ,  t h e re  is no p ub l i shed  in fo rma­
t i o n ,  o th e r  than t h a t  s u p p l i e d  by G i t t e r ,  Gibson,  Kidd and 
Davies (1 966 ) ,  conce rn ing  the  p r o p e r t i e s  o f  haloxon as a 
p ig  a n t h e l m i n t i c ,  Parbendazole is  not  y e t  so ld  f o r  use 
in p igs  but  expe r im en ta l  work has shown promise (Tab le
4 . 2 . ) .
I t  can be seen f rom t h i s  b r i e f  rev ie w  t h a t  the  new 
g e n e ra t i o n  a n t h e l m i n t i c s  a re  a g r e a t  Improvement on t h e i r  
f o r e r u n n e r s ,  b u t  t h a t  the  p e r f e c t  chem otherapeu t ic  agent  
has y e t  to  be d is c o v e re d .
4 . 3 . 2 . Suppression o f  the  P e r i p a r t u r i e n t  Eqq-Rise
The n a tu re  o f  the  p e r i p a r t u r i e n t  r i s e  and the  p o t e n t i a l  
r o l e  t h a t  i t  may p la y  in the  t r a n s m is s io n  o f  Oesophagostomum 
i n f e c t i o n s  to  s u c k l i n g  p i g l e t s  has been d iscussed  in 
Chapter  2. F o r t u n a t e l y ,  the  p re s e n t  p r o j e c t  has shown 
t h a t  the  e g g - r i s e  can be c o m p le te ly  e l im i n a t e d  by the  
a d m i n i s t r a t i o n  o f  one dose o f  a s u i t a b l e  b road-spec trum
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a n t h e l m i n t i c  one week b e fo re  the  a n t i c i p a t e d  da te  o f  
p a r t u r i t i o n .  I d e n t i c a l  r e s u l t s  have been o b ta in e d  by 
Ludvigsen (1967) who used a s i n g l e  dose o f  14 o r  28 g, 
t h ia b e n d a z o le  per  animal  a t  the  t im e  t h a t  "p re g n a n t  sows 
a re  put  i n t o  the  fa r ro w in g  pen".  Thomas and Smith (1968) 
a t tempted  a s i m i l a r  form o f  the ra py .  They t r e a t e d  w i t h  
50 mg/kg.  body-we ig h t  a t  one month and one week b e fo re  
f a r r o w in g .  The ' s t r o n g y l e '  egg-count  was depressed by 
73% when compared w i t h  c o n t r o l s  ( o r  89% when compared w i t h  
t he  p r e - t r e a t m e n t  v a lu e s )  bu t  the  c o n t r o l  an imals  f a i l e d  
to  show the  t y p i c a l  p e r i p a r t u r i e n t  r i s e .
Broad-spec trum a n t h e l m i n t i c s  have a v a r i a b l e  e f f e c t  
on the  ' s p r i n g  r i s e '  o f  sheep depending on whether the  ewes 
a re  kept  a t  grass o r  indoors (Dunsmore, 1965; Nunns, Rawes 
and Sheare r ,  1965; Brunsdon,  1966b and Connan, 1967b),
Since sows a re  u s u a l l y  b rough t  i n t o  a f a r ro w in g  box b e fo re  
p a r t u r i t i o n ,  r e s u l t s  f rom penned ewes p ro v id e  the  more 
analogous s i t u a t i o n ,  H e l l e  ( I 966) suppressed the  r i s e  w i t h  
th iab e n d a z o le  g iven  a t  75 mg/kg,  o r  t e t r a m i s o l e  a t  20 mg/kg 
g iven e a r l y  in pregnancy,  Connan ( 1967b) o b ta in e d  s i m i l a r
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r e s u l t s  w i t h  th iab e n d a z o le  a t  3 g. per ewe a d m in i s te re d  
r a th e r  l a t e r  in the  p e r io d  o f  g e s t a t i o n .  I f  an imals  a re  
a t  g rass ,  e f f e c t i v e  c o n t r o l  is  o b ta in e d  by a s i n g l e  dose 
provided  fo u r  to  s i x  weeks a f t e r  lambing.  Such a regime 
would not  be s u i t a b l e  f o r  p igs  as the  p e r i p a r t u r i e n t  r i s e  
is i n i t i a t e d  even b e fo re  f a r r o w in g  takes p lace .
4 . 3 . 3 . Enhancement o f  P i g l e t  P r o d u c t i v i t y  by Prena ta l  
T reatments
The p resen t  t re n d  in the  B r i t i s h  p ig  i n d u s t r y  is 
towards s p e c i a l i z a t i o n .  Many l a r g e  concerns r e s t r i c t  
t h e i r  a c t i v i t i e s  to  the  p ro d u c t io n  o f  p i g l e t s  f o r  s a le  
as weaners which a re  sen t  to  the  c o rn -g fo w in g  areas f o r  
f a t t e n i n g .  The exchange p r i c e  is c a l c u l a t e d  on a l i v e -  
w e igh t  bas is  so t h a t  the  l i t t e r - w e i g h t  a t  weaning is  a 
c r u c i a l  f a c t o r  a f f e c t i n g  the  l i v e l i h o o d  o f  the  p ig  
b reeder.
In the  p resen t  s tu d y ,  th e  l i t t e r s  f rom the  medicated 
sows were,  on average,  11.0 lb s .  h e a v ie r  than those f rom 
the  c o n t r o l s .  The p r i c e  g iven  f o r  weaners is around 
2s,  6d, per  lb .  a l th o u g h  t h i s  f i g u r e  v a r i e s  a c c o rd in g  to
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supp ly  and demand. Thus,  t r e a tm e n t  r e s u l t e d  in an inc rease  
in income o f  £1 7s. 6d, per  l i t t e r  a t  a c o s t  o f  2s. 3d.
The an imals  under exper iment  were o n l y  l i g h t l y  i n f e s t e d  
w i t h  g a s t r o - i n t e s t i n a l  h e lm in th s  so t h a t  g r e a t e r  d i f f e r e n c e s  
m igh t  be expected in the  average herd.
The f i g u r e s  o b ta in e d  were not  s t a t i s t i c a l l y  s i g n i f i c a n t  
and i t  m igh t  be argued t h a t  the  de tec ted  tendency ,  however 
o b v io u s ,  was o b ta in e d  by chance.  I t  i s ,  t h e r e f o r e ,  o f  
i n t e r e s t  to  compare t h i s  s tudy  w i t h  those performed by o th e r  
wo rke rs .  Thomas and Smith (1968) used two groups o f  15 sows 
t h a t  harboured a moderate i n f e s t a t i o n  which inc luded  both 
Oesophagostomum and H yo s t ro n g y1 u s , A t  e i g h t  weeks o f  age, 
the  average w e ig h t  o f  the  l i t t e r s  f rom the  t r e a t e d  sows was
37.1 lb s .  g r e a t e r  than t h a t  f rom the  c o n t r o l s ,  b u t  aga in  
these r e s u l t s  were not  s t a t i s t i c a l l y  s i g n i f i c a n t .  F i e l d  
o b s e rv a t i o n s  by Davidson,  Murray and S u the r land  (1967) 
showed t h a t  the  56-day  w e igh ts  o f  p i g l e t s  born to  sows 
t r e a te d  w i t h  p i p e r a z in e  on one farm averaged 36.5 l b s .  
d u r in g  one f a r r o w in g  p e r io d  and 35-0 lbs .  d u r in g  the  nex t .  
The ' f o l l o w i n g  y e a r ,  t h i s  the rapy  was rep laced  by the
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t h i a b e n d a z o le -p ic a d e x  m ix t u r e  and the  c o r re sp on d ing  
f i g u r e s  were 43 .3  and 48.1 l b s .  The d é f i c i e n c e s  in t h i s  
expe r im en ta l  des ign  a re  o b v io u s ,  bu t  i t  can be seen t h a t  
a l l  t h r e e  i n v e s t i g a t i o n s  d e sc r ibe d  in t h i s  s e c t i o n  have 
g iven  comparable r e s u l t s .  Edwards (1965) and Nesvadba 
and Zavad i l  (1 968 ) ,  as a r e s u l t  o f  t h e i r  e xpe r ie nces  in 
the  f i e l d  a l s o  b e l i e v e  t h a t  p re na ta l  t re a tm e n ts  inc rease  
p i g l e t  p r o d u c t i v i t y .
N icke l  and Haupt (1964) e x p e r im e n t a l l y  i n f e c te d  
growing  swine w i t h  Oesophagostomum and observed pro found  
c l i n i c a l  s ig ns  i n c l u d i n g  a no re x ia  and reduced w e ig h t -  
gains  w i t h  doses o f  2 0 , 000- 90,000 l a r v a e .  In a d d i t i o n  
to these symptoms, T a f f s  (1966) reco rded  d ia r rh o e a  o r  
faeces f l e c k e d  w i t h  b lood and mucus f o l l o w i n g  a c h a l le n g e  
w i t h  30,000 la r v a e  (Appendix 5, T ab le  12) . Shorb (1948 ) ,  
too ,  observed d ia r r h o e a  and even dea th ,  w h i l s t  P ru ge lh o f  
( 1952) and Nesvadba and Zavad i l  ( I 968) observed severe 
r e t a r d a t i o n  o f  the  g r o w t h - r a t e  o f  h e a v i l y  i n f e s te d  
weaners and porkers  in the  f i e l d .  The v iew has been 
advanced t h a t  the  invad ing  oesophagostomes p ro v id e  a
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p o r ta ]  o f  e n t r y  f o r  m ic r o b ia l  pathogens such as Sa lmone l1 a 
c h o le r a e - s u I s  ( K o t l a n ,  1956; N ic k e l  and Haupt ,  1964),  
P a s t u r e ] 1 a spp, and Escher ich la co l  Î (Nesvadba and Z a v a d i I , 
1968) .
O pin ion s  c o n ce rn ing  the  i n f l u e n c e  o f  H. ru b idu s  on 
growing p igs is  d i v i d e d .  T h is  worm does c o n t r i b u t e  to  the  
p e r i p a r t u r l e n t  r i s e  (Connan, 1967a) bu t  th e  number o f  
l a rva e  made a v a i l a b l e  to  the  newly born p i g l e t s  is 
c o m p a r a t i v e ly  smal l  as a r e s u l t  o f  the  low b i o t i c  p o t e n t i a l  
o f  t h i s  genus. C l i n i c a l  o u tb re aks  o f  h y o s t r o n g y l o s i s  in 
young p igs  have been recorded  by Crocker and B i e s t e r  (1 920 ) ,  
S k r j a b in  and Bekenski (1925) and Clay (1938).  E x p e r i ­
m e n ta l l y ,  Davenport  (1967) was a b le  to  produce a s i g n i f i c a n t  
d ep ress io n  o f  g r o w t h - r a t e  by the  a d m i n i s t r a t i o n  o f  an 
u n s p e c i f i e d  number o f  H. rub i dus l a r v a e ,  w h i l s t  P o r te r  
(1940) d id  not  f i n d  any d i f f e r e n c e  in the  w e igh ts  o f  i n f e c ­
ted and w orm - f ree  c o n t r o l  an im a ls ,
4 . 3 . 4 , A d d i t i o n a l  B e n e f i t s  o f  Prena ta l  T reatments
As w e l l  as the  p r o t e c t i o n  o f  p i g l e t s  f rom the  massive
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o n s lau g h t  o f  s t r o n g y l a t e  l a rv a e  r e s u l t i n g  f rom the  p e r i -  
p a r t u r i e n t  r i s e  ( v id e  Chapter 2 ) ,  the  p re na ta l  t r e a tm e n t  
o f  sows a l s o  ac ts  as a p r o p h y l a c t i c  measure a g a in s t  
c l i n i c a l  p a r a s i t i c  g a s t r o - e n t e r i t i s  in the  dam h e r s e l f .
H. rub idus  is capab le  o f  p rovok ing  a c l i n i c a l  p i c t u r e  
resembl ing  the  ' t h i n  sow' o r  ' f a d i n g  sow' syndrome t h a t  
has been recorded f rom many p a r t s  o f  Great  B r i t a i n  w i t h i n  
the  l a s t  few years .  Stevens (1967) b e l i e v e s  t h a t  a m is ­
i n t e r p r e t a t i o n  o f  recommendat ions re g a rd in g  modern 
husbandry and fee d ing  methods have, in some cases,  i n i t i a ­
ted a v i c i o u s  m a l n u t r i t i o n  c y c le  in wh ich  g a s t r o ­
i n t e s t i n a l  p a r a s i t i s m  p lays  a c o n t r i b u t o r y  r o l e .  Maclean 
( 1968) in c r im in a te d  h e l m i n t h i a s i s  in a p p ro x im a te ly  one- 
t h i r d  o f  the  ou tb re aks  t h a t  he i n v e s t i g a t e d .
The s i g n i f i c a n c e  o f  Oesophaqostomum spp. i n f e c t i o n s  
In sows is less  w e l l  d e f i n e d .  There a re  no w e l l  
s u b s ta n t i a t e d  cases o f  c l i n i c a l  d isease  in sows where 
t h i s  worm has been the  s o le  a e t i o l o g i c a l  f a c t o r .  Lamina 
and Bohnhardt  (1964) b e l i e v e  t h a t  t h e r e  is an a s s o c ia ­
t i o n  between heavy Oesophaqostomum I n f e c t i o n s  and
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I n f e r t i l i t y  in g i l t s .  G i t t e r ,  Gibson,  Kidd and Davies
( 1966) draw a t t e n t i o n  to  the  heavy worm burdens t h a t  are  
o f t e n  p resen t  In herds w i t h  h i s t o r i e s  o f  u n t h r i f t i n e s s ,  
i n f e r t i l i t y  and s c o u r in g .  The i n t e r p r e t a t i o n  o f  such 
data can,  however,  be the  s u b j e c t  o f  much debate  owing 
t o  the  d i f f i c u l t y  o f  d i f f e r e n t i a t i n g  between cause and 
e f f e c t .  Me lrose  ( I 966) suggests t h a t  the  depressed 
re p r o d u c t i v e  c a p a c i t y  m igh t  we l l  be a sequel to  the  
u n t h r i f t i n e s s  o f  h e a v i l y  p a r a s i t i z e d  an imals r a t h e r  
than a d i r e c t  response to  the  presence o f  the  worm.
In C zechos lovak ia ,  Nesvadba and Zavad i l  ( I 968) a t t r i b u t e  
nervous d i s o r d e r s ,  muscu lar  weakness,  a g a l a c t i a  and 
severe  anaemia in sows to severe  oeso pha gos tom las Is . In 
wes tern  Europe,  however,  t h i s  genus must be regarded as 
a lmost  innocuous f o r  a d u l t  p igs  a l th o u g h  i t  may exace rba te  
ou tb reaks  o f  the  ' f a d i n g  sow syndrome' o r  i n f e r t i l i t y  in 
s p e c ia l  c i r cu m s ta n ces .
In v iew o f  th e  sugg es t ion  t h a t  the  g a s t r o - i n t e s t i n a l  
s t r o n g y l a t e s  may In f l u e n c e  the  f e r t i l i t y  o f  b reed ing  
an im a ls ,  i t  may be w ise  to  t r e a t  sows b e fo re  s e r v i c e  i . e .
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a t  about  the  t im e  o f  weaning. Such a p rocedure  would 
a ls o  be expected  to  m in im ize  p a s tu re  co n ta m in a t i o n  by 
pregnant  s to c k .  However, the  p e r i p a r t u r i e n t  r i s e  is 
g e n e r a l l y  te rm in a te d  soon a f t e r  weaning by the  spontane­
ous e x p u ls io n  o f  Oesophaqostomum (Chapte r  2 ) .  I f  i t  can 
be shown t h a t  H. rub idus  behaves in the  same way, then 
t h i s  form o f  the rapy  may be s u p e r f l u o u s ,  Connan (1967a) 
has shown t h a t  the  egg-count  o f  u n t h r i f t y  sows o f t e n  
remains h igh  a f t e r  weaning,  so in these  p a r t i c u l a r  
ins tances  the  second dose would seem to  be d e s i r a b l e .
Chemotherapy is  no s u b s t i t u t e  f o r  hyg iene .  E f f o r t s  
must be made to  keep b u i l d i n g s  c lean  and more e s p e c i a l l y  
to  p revent  pas tu res  becoming ’ p i g - s i c k ' .  L i t t l e  is 
known o f  the  eco logy  o f  the  f r e e - l i v i n g  stages o f  p o rc in e  
oesophagostomes o r  H. rub idus  in t h i s  c o u n t r y ,  but  i t  is 
t ho ugh t  t h a t  the  fo rm er ,  a t  l e a s t ,  can s u r v i v e  on p as tu re  
f o r  ten  months o r  more ( T a f f s ,  1966),  Thus, the  r e s t i n g  
o f  paddocks is o f  dubious v a lue .  I t  would be a b e t t e r  
p o l i c y  to  p lough and re -seed every  second o r  t h i r d  ye a r .  
The t r a n s f e r  o f  the  i n - p i g  sows on Farm EC from grass  to
2 1 5
c o n c r e te ,  a long  w i t h  s i n g l e  p re n a ta l  a n t h e l m i n t i c  t r e a t ­
ments,  ach ieved  a remarkab le ,  a l b e i t  s low,  improvement 
in the  genera l  c o n d i t i o n  o f  the  herd (Chapter  2 ) .
C l i n i c a l  cases should be removed f rom the  source o f  
i n f e c t i o n  and shou ld  r e c e i v e  s u p p o r t i v e  the rapy  i . e .  
supplementary food en r iche d  w i t h  e x t r a  p r o t e i n ,  v i t a m in s  
and m in e r a l s .  Many o f  the  w o rs t  cases w i l l  have developed 
abscesses.  These are  bes t  s la u g h te re d  as the  chances o f  
a f u l l  economic recovery  a re  s l i g h t .
4 . 3 . 5 . D i c h lo r v o s  as an A n t h e l m i n t i c  f o r  Sows 
Suppression o f  'S t r o n q y l e '  E q q -co u n ts :
A f t e r  t r e a tm e n t ,  the  ' s t r o n g y l e '  egg -counts  f e l l  to  a 
ve ry  low le v e l  and remained depressed f o r  a p e r io d  o f  s i x  
weeks o r  more t h e r e a f t e r .  The p a t t e r n  o f  Oesophaqostomum 
spp. egg p ro d u c t io n  (F ig s ,  4 .2 .  and 4 . 3 . )  seen d u r i n g  the  
two months f o l l o w i n g  t re a tm e n t  is o f  i n t e r e s t .  The f a l l  
s h o r t l y  a f t e r  t r e a tm e n t  o f  ove r  98% is fo l l o w e d  by a 
gradual  inc rease  which becomes more pronounced s i x  weeks 
l a t e r .  Perhaps the  most s a t i s f a c t o r y  e x p la n a t i o n  is  t h a t
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n e a r l y  comple te  Oesophaqostomum e x p u ls io n ,  co r re sp on d ing  
to the  observed 98.5% worm e l i m i n a t i o n  in the  c r i t i c a l  
t r i a l ,  is f o l l o w e d  by the  m a tu r a t i o n  o f  r e s id u a l  immature 
worms. Those a l r e a d y  in the  lumen m igh t  mature a t  any 
t ime d u r in g  the  f i v e  weeks a f t e r  t r e a tm e n t ,  those in the  
h i s t o t r o p i c  phase In the  f o l l o w i n g  week. In a d d i t i o n ,  
s u r v i v i n g  mature worms would c o n t i n u e  to  o v u l a t e ,  perhaps 
to an increased degree s in c e  smal l  p o p u la t i o n s  o f  t h i s  
worm have been shown to  have a h ig h e r  i n d i v i d u a l  p roduc­
t i o n  r a t e  than l a r g e  p o p u la t i o n s  (Chapte r  2 ) .  New I n f e c ­
t i o n s  a cq u i re d  a f t e r  t r e a tm e n t  become p a te n t  a nd ,sw e l l  
the  egg-count  s i x  weeks a f t e r  t r e a tm e n t ,  a l t h o u g h  some 
c o n t r i b u t i o n  may be made f rom the  t h i r d  week ( T a f f s ,
1966, 1 9 6 8 a ,c ) .
From the  p r a c t i c a l  v i e w p o i n t ,  however,  the  im por tan t  
f a c t s  a re  t h a t  17 o f  the  45 t r e a t e d  sows shed no 
Oesophaqostomum eggs a t  a l l  d u r in g  the  s i x  weeks f o l l o w ­
ing t re a tm e n t  and t h a t  ( w i t h  t h r e e  e x c e p t io n s  a t  the  
lowest  d o s e - r a te )  o n l y  very  small  numbers o f  eggs were 
exc re ted  by those sows t h a t  d id  show p a te n t  i n f e c t i o n s  
(Appendix 4,  Ta b le  2 ) ,
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Expu ls io n  o f  Worms:
The c r i t i c a l  t r i a l  demonstra ted  t h a t  between 94 .6  and 
100% o f  the  t o t a l  Oesophaqostomum p o p u la t i o n s  o f  t h r e e  
h e a v i l y  i n f e s t e d  sows were e x p e l l e d  f rom the  hos t  f o l l o w ­
ing t r e a tm e n t  w i t h  1.44 g. d i c h l o r v o s .  Thus, i t  is reason­
ab le  to  assume t h a t  the  i n i t i a l  re d u c t io n s  in egg-counts  
f o l l o w i n g  the  a d m i n i s t r a t i o n  o f  the  a n t h e l m i n t i c  were 
caused by the  d isp lacem en t  o f  a d u l t  worms f rom t h e i r  
h a b i t a t  r a t h e r  than by the  i n h i b i t i o n  o f  o v u l a t i o n .
E f f i c a c y  a g a in s t  H. r u b i d u s :
Whereas Oesophaqostomum is a p r o l i f i c  e g g - l a y e r ,
H. rub idus  has a ve ry  low b i o t i c  p o t e n t i a l  (Connan,
1967a; Davidson,  Murray and S u th e r la n d ,  I 968).  H y o s t ro ng y 1 us 
c o n s t i t u t e d  such a small  percen tage o f  the  t o t a l  ' s t r o n g y l e '  
eg g -o u tp u t  f rom the  sows under o b s e r v a t i o n ,  t h a t  the  egg- 
coun ts  shown in F ig .  4 .2 .  may be regarded as re p r e s e n t in g  
Oesophaqostomum a lo ne .  Only q u a l i t a t i v e  r e s u l t s ,  t h e r e ­
f o r e ,  have been p resented  f o r  H. r u b i d u s . Patent  
H yo s t ro ng y1 us i n f e c t i o n s  were c a r r i e d  by a number o f  the  
c o n t r o l  an imals  t h roug hou t  the  g r e a t e r  p a r t  o f  the  e x p e r t -
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mental p e r io d .  Larvae o f  t h i s  genus cou ld  a l s o  be 
c u l t u r e d  f rom the  faeces o f  a p r o p o r t i o n  o f  the  sows o f  
the  t r e a t e d  groups p r i o r  t o  the  a d m i n i s t r a t i o n  o f  the  
drug.  A f t e r  t re a tm e n t  w i t h  1.44 g. o r  1.96 g . d i c h l o r v o s ,  
no f u r t h e r  p o s i t i v e  samples were de te c ted  d u r in g  the 
f o l l o w i n g  t h r e e  weeks ( t h e  t im e  taken  f o r  a new p a te n t  
i n f e c t i o n  to  be e s ta b l i s h e d  f rom e x te rn a l  sources ;  the  
p re pa te n t  p e r io d  o f  H. ru b idu s  be ing  around 21 d ays ) .
Thus, i t  would appear t h a t  d i c h l o r v o s  is a c t i v e  a g a in s t  
t h i s  nematode bu t  t h i s  ev idence  is  no t  c o n c lu s i v e .
F u r th e r  work is needed to  c o n f i r m  the  p resen t  f i n d i n g s ,  
ikeme (1966) demonst ra ted 97-99% e x p u ls io n  o f  H. ru b idu s  
in a s e r i e s  o f  c r i t i c a l  t r i a l s  a f t e r  t re a tm e n t  w i t h  
d i c h l o r v o s  a t  40 mg/kg.  (Tab le  4 . 2 . ) ,
Opt imal  D o s e - r a t e ;
In the  p resen t  s tu d y ,  t h r e e  d o s e - r a te s  were used:
1.15 g.» 1.45 g. and 1.96 g. d i c h l o r v o s ,  these  q u a n t i t i e s  
r e p re s e n t in g  o n e - f i f t h ,  o n e - q u a r t e r  and o n e - t h i r d  o f  the  
con te n ts  o f  one o f  the  s u p p l l e d  packe ts ,  each o f  which 
con ta in ed  33 g. o f  fo rm u la te d  m a t e r i a l .  In p r a c t i c e ,  a
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farmer r a r e l y  knows the  w e ig h t  o f  h i s  sows and would be 
u n w i l l i n g  to  f o l l o w  an e la b o r a t e  scheme r e l a t i n g  dose to  
body w e ig h t .  I t  i s ,  t h e r e f o r e ,  necessary t o  s i m p l i f y  the  
dosage schedu le  as much as p o s s i b l e .  The f i n a l  recommenda­
t i o n s  w i l l  depend on th r e e  f a c t o r s .  F i r s t l y ,  the  b ig g e s t  
sow must r e c e iv e  an adequate amount o f  the p ro duc t ;  
second ly ,  the s m a l le s t  sow must no t  be g iven a q u a n t i t y  
approach ing  the  t o x i c  l i m i t ;  t h i r d l y ,  the p r i c e  o f  t r e a t ­
ing the  s m a l le r  an im a ls  must not  be excess ive .
On the  b as is  o f  the  egg-count  d a ta ,  th e re  would appear 
to  be no advantage in us in g  1.96 g. d i c h l o r v o s  as e q u a l l y  
good r e s u l t s  were o b ta in e d  by the  a d m i n i s t r a t i o n  o f  1,45 g. 
A m a r g in a l l y  poore r  per formance was, however, o b ta in e d  
when 1.15 g- was g iven .  Th ree  o f  15 sows shed r e l a t i v e l y  
l a rg e  numbers o f  ' s t r o n g y l e '  ova soon a f t e r  t re a tm e n t  a t  
t h i s  le v e l  and l a r v a l  c u l t u r e  revea led  t h a t  c o n t r o l  o f  
H. rub idus  was incom p le te  in some cases.  The optimum 
dosage thus l i e s  somewhere between 1.15 and 1,45 g.
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E f f e c t  on 'S t ro n g y le * '  Eggs:
The h a t c h a b i l i t y  o f  the  ' s t r o n g y l e '  eggs passed in 
the  faeces o f  sows 24 hours a f t e r  t r e a tm e n t  was u n a f fe c te d  
bu t  t h e re  was a d e l e t e r i o u s  e f f e c t  on the  l a r v a e  t h a t  
emerged f rom these .  The number o f  eggs capab le  o f  
p roduc ing  i n f e c t i v e  t h i r d  s tage  l a r v a e  was reduced by 
a f a c t o r  o f  o n e - t h i r d .  Since o n l y  a few A tga rd  p e l l e t s  
• a re  being  passed f rom sows a t  t h i s  t im e ,  the  m a j o r i t y  
' be ing  e l im i n a t e d  a f t e r  two o r  t h r e e  days,  eggs sub-
I s e que n t ly  voided may have t h e i r  i n f e c t i v e  p o t e n t i a l
I much more g r e a t l y  impa ired .  N e v e r th e le s s ,  u n t i l  more
in fo r m a t i o n  is a v a i l a b l e ,  i t  must be recommended t h a t  
wherever p o s s i b l e ,  sows shou ld  be w i t h h e ld  f rom d i s -  
i i n f e c te d  q u a r t e r s  f o r  up to  f o u r  days a f t e r  t r e a t -
I ment.
A p p l i c a t i o n  and A c c e p t a b i l i t y :
I A l l  the  farms v i s i t e d  In co nn e c t ion  w i t h  the  recen t
! s tu d ie s  fed meal r a t i o n s .  The A tga rd  mixed w e l l  w i t h
I !
j food o f  t h i s  na tu re  and d id  no t  a f f e c t  i t s  p a l a t a b 1 1 i t y . .
I One can env isage  a s l i g h t  Inconven ience  where p e l l e t e d
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f e e d - s t u f f s  a re  used, e s p e c i a l l y  in the  case o f  the  l a r g e  
'Jumbo' n u ts .  The a n t h e l m i n t i c  p e l l e t s  would f a l l  between 
the  food masses and accumula te  on the  f l o o r  o f  the  t ro ug h .  
T h is  can be e a s i l y  overcome by c ru s h in g  the  nuts o r  
s u b s t i t u t i n g  meal on the  day t h a t  worming is to  take  
p lace.
T o x ic  I t y :
No i n d i c a t i o n  o f  t o x i c i t y  was noted d u r in g  the 
course  o f  these  t r i a l s .  Acute  i n t o x i c ^ t i o b  d i d  not  
o c c u r  even in those  an imals  g iven  a c o n s id e ra b le  o v e r ­
dose (66 g. f o rm u la te d  p r o d u c t ) .  No harm was done t o  the  
unborn p i g l e t s .
Other A t t r i b u t e s :
I t  was shown in Chapter  3 t h a t  Oesophaqostomum 
la r v a e  can be d isse m ina te d  by c e r t a i n  manure-breeding  
f l i e s  ( Psychoda s p p . ) .  I t  i s ,  t h e r e f o r e ,  o f  i n t e r e s t  t o  
note t h a t  d i c h l o r v o s  is a powerfu l  i n s e c t i c i d e  and t h a t  
PVC fo r m u la t i o n s  may r e t a i n  t h i s  a c t i v i t y  even when 
passed o u t  in the  faeces o f  t r e a t e d  c a t t l e  (L lo y d  and
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M at tysse ,  1966).  I t  is  p ro bab le  t h a t  psychod id f l i e s  
a re  unable  to  breed in the  faeces o f  p igs  r e c e n t l y  
wormed w i t h  A tg a rd ,  and a re  thus unable  to  spread 
i n f e c t i o n  in t h i s  way.
Conclus ion :
D ic h lo r v o s  in s low re le a se  f o r m u l a t i o n  can be 
inc luded  in the  l i s t  o f  p roduc ts  s u i t a b l e  f o r  the  
a n t h e l m i n t i c  t r e a tm e n t  o f  sows on the  bas is  o f  i t s  
low t o x i c i t y  and spectrum o f  a c t i v i t y .
Chapter  5
STUDIES OF PROTEIN METABOLISM IN PIGS EXPERIMENTALLY INFECTED 
WITH OESOPHAQOSTOMUM OR HYOSTRONGVLUS
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NTRODUCTION
Hypoalbummaemia has been noted as a sequel to 
i n f e c t i o n s  w i t h  the  nematode genus Oesophaqostomum in
sheep (Dobson, I 967 ) and in c a t t l e  (Bremner,  1966).
51in  exper iments  us ing  C r - l a b e l l e d  p r o te i n  mo le cu les ,  
Bremner ( I 968) has demonst ra ted  t h a t ,  in the  case o f  
Oe. rad ia tum i n f e c t i o n  in c a l v e s ,  decreased serum 
a lbumin  l e v e l s  a re  a s s o c ia te d  w i t h  an abno rma l l y  la rg e  
loss  o f  plasma p r o t e i n  i n t o  the  g a s t r o - i n t e s t i n a l  t r a c t .
S i m i l a r  v a r i a t i o n s  f rom the  p h y s i o l o g i c a l  norm are  
encountered in bov ine  and o v in e  o s t e r t a g i a s I s  ( M u l l i g a n ,  
Da l ton  and Anderson,  1963; J a r r e t t ,  I 966) .  TaxonomIca1l y , 
the  genera O s t e r t a g ia  and Hyos t rongy I  us are  ve ry  c l o s e l y  
r e l a t e d  and the  p r e d i l e c t i o n  s i t e s  in t h e i r  r e s p e c t i v e  
hos ts  a re  s i m i l a r ,  as a re  the  p a th o l o g i c a l  responses 
they e l i c i t  (Dav idson,  Murray and S u th e r la n d ,  I 968 ).  By 
ana logy ,  t h e r e f o r e ,  i t  m igh t  be a n t i c i p a t e d  t h a t  the  
p h y s i o l o g i c a l  responses o f  the  p ig  to  h y o s t r o n g y l o s i s  
would be s i m i l a r  to  t h a t  o f  the  ruminant  to o s t e r t a g i a s i s . 
N ie ls e n  ( 1966a ) ,ho w eve r ,  was unable to demonst ra te  
hypoalbuminaemia o r  a c c e le r a te d  p r o t e i n  losses  in h e a v i l y
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in f e s te d  sows.
I t  is  g e n e r a l l y  b e l ie v e d  t h a t  p igs  c a r r y i n g  heavy 
s t r o n g y l a t e  i n f e c t i o n s  have a s lower  g r o w t h - r a t e  than 
worm- free  swine (Dav idson,  Murray and S u th e r la n d ,  I 967).
In v iew o f  the  ruminant  work o u t l i n e d  above,  i t  seemed 
p o s s ib le  t h a t  t h i s  re ta rd e d  development m igh t  be a con­
sequence o f  a s i m i l a r  s t r a i n  on the  h o s t ' s  p r o t e i n  
re se rve s .  Exper iments were t h e r e f o r e  designed to  t e s t  
t h i s  h yp o th e s is .
F i r s t l y ,  serum samples were examined to  e s t a b l i s h  
whether  o r  not  hypoalbuminaemia is a sequel o f  
Oesophaqostomum i n f e c t i o n s  in p ig s .  The l i v e r ,  however,  
has an enormous a n a b o l i c  p o t e n t i a l  and can compensate 
f o r  a lbumin  losses up to  a t h r e s h o ld  l e v e l ,  so t h a t  a 
' p r o t e i n  le a k '  can occur  w i t h o u t  obv ious  d e p l e t i o n  o f  
the i n t r a v a s c u l a r  poo l .  Methods reviewed by Jarnum 
( 1963) f o r  the  d e t e c t i o n  o f  h yp e rc a ta b o l i s m  in humans, 
and adapted f o r  v e t e r i n a r y  use by P ro fesso rs  M u l l i g a n  
(Glasgow) and N ie ls e n  (Copenhagen),  were t h e r e f o r e  adopted 
when résu,I t s  f rom the  f i r s t : . s t u d y  ■.proved- to .be inconcl  us Ive,
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Thus, t u r n o v e r  s t u d ie s  were per formed by the  i n t r o d u c ­
t i o n  o f  serum a lbumin  l a b e l l e d  w i t h  a r a d i o - i s o t o p e  in to  
the c i r c u l a t i n g  b lood o f  w o rm - f ree  and p a r a s i t i z e d  p ig s .  
The d i s t r i b u t i o n  o f  r a d i o - a c t i v i t y  th roughou t  the  body 
and the  r a te  o f  e x c r e t i o n  enabled a s e r ie s  o f  p h y s io ­
l o g i c a l  parameters to be measured and compared. F i n a l l y ,  
the  ra te  o f  passage o f  macromolecules i n t o  the  g a s t r o ­
i n t e s t i n a l  t r a c t  o f  p igs  h a rb o u r in g  Oesophaqostomum o r  
H yo s t ro ng y1 us and normal c o n t r o l  p igs was e s t im a te d  by
a tech n iq ue  i n v o l v i n g  the  in t ra veno us  i n j e c t i o n  o f  a
1 31s y n t h e t i c  compound, I - p o l y v i n y l  p y r r o l  idone.
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MATERIALS AND METHODS
5 . 1. 1. Animals Used
Worm-free twe lve-week  o l d  La rge  Whi tes were purchased 
f rom Messrs, George P in ke r ton  L t d . ,  Houston,  R en f rew sh i re .  
L i t t e r - m a t e s  were used f o r  the  i n f e c t e d  and c o n t r o l  groups 
in each expe r im en t .  C as t ra ted  males were used wherever 
p o s s ib le  s in c e  t h i s  f a c i l i t a t e d  the  s e p a ra t i o n  o f  u r i n e  and 
faeces ,  a l t ho u gh  on one occas ion  a female had to  be inc luded  
in o rd e r  t o  make up the  number re q u i r e d .  (Au tops ies on 
c o n t r o l  an imals  con f i rm ed  t h a t  the  p igs  had been ra ise d  
under w o rm - f ree  c o n d i t i o n s .
The worm- free  p igs used in Exper iment  5 . 1 . ,  a l s o  Large 
W h i tes ,  had been purchased f rom Research and A d v is o ry  
Serv ices  ( A g r i c u l t u r e )  L im i t e d ,  Wimborne, Dorse t .
5 - 1 .2 .  Exper imenta l  Designs 
Exper iment  5 .1 .
In o r d e r  to s tudy th e  e f f e c t s  o f  a heavy Oesophaqostomum 
c h a l le n g e  on the  main p r o t e i n  c o n s t i t u e n t s  o f  the  serum, 
b lood  samples f rom f o u r  p igs  i n f e c t e d  on a s i n g l e  occas ion  
w i t h  30,000 la rva e  were taken a t  weekly  i n t e r v a l s  f rom the
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8 th  week b e fo re ,  u n t i l  the  16th week a f t e r  i n f e c t i o n .  T h is  
p r o j e c t  was undertaken  in c o l l a b o r a t i o n  w i t h  Dr.  L .F .  T a f f s  
o f  the  Animal H ea l th  T r u s t  who c o l l e c t e d  the  samples and 
sent  them to  t h i s  l a b o r a t o r y  f o r  exam ina t io n .  The p a r a s i t ­
o lo gy  and c l i n i c a l  responses o f  the  hosts  have been 
d esc r ibe d  e lsewhere  ( T a f f s ,  1966),
Exper iment  5 2 .
Three p igs  were i n f e c t e d  on the  same day w i t h  10,000
Oesophaqostomum spp. l a r v a e ,  and each was p a i re d  w i t h  an
u n in fe c te d  l i t t e r - m a t e  c o n t r o l .  Each coup le  were g iven  
125 l - a lb u m in  s o l u t i o n  by in t ra ven ous  i n j e c t i o n  a c c o rd in g  
t o  the  f o l l o w i n g  schedu le :
Pig No
1234 ( i n f e c t e d  
1233 ( c o n t r o l
1237 ( i n f e c t e d
1235 ( c o n t r o l
1238 ( i n f e c t e d
1236 ( c o n t r o l
Iso tope  g iven
4 days b e fo re  
i n f e c t i o n
14 days a f t e r  
i n f e c t i o n
32 days a f t e r  
i n f e c t  ion
Age o f  
i n f e c t  ion 
mon i to re d
0 - 1 6  days 
17 -  35 days 
36 -  55 days
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Three to  f o u r  days a re  re q u i r e d  f o r  the  l a b e l l e d  
a lbumin  to  be d i s t r i b u t e d  th rough  the  i n t r a -  and e x t r a -  
v a s c u la r  poo ls and f o r  an e q u i l i b r i u m  to  be a t t a i n e d .  
Thus,  the  iso tope  was i n j e c t e d  a c o r re sp on d ing  t ime 
b e fo re  the  p a r a s i t i c  i n f e c t i o n  had reached the  re q u i r e d  
age. Porc ine  oesophagostomes become f u l l y  mature a t  
about  42 days a f t e r  i n f e c t i o n ,  and so the  exper iment  
spanned the  whole p a r a s i t i c  l i f e - c y c l e  o f  t h i s  nematode. 
The moderate I n f e c t i n g  dose o f  10,000 l a rv a e  was chosen, 
though t h i s  would r e s u l t  in h e a v ie r  burdens than are 
n o rm a l l y  seen in the  f i e l d ,  s in c e  no d ia r rh o e a  would be 
provoked to  c o m p l i c a te  the  i n t e r p r e t a t i o n  o f  the  r e s u l t s  
The t o t a l  u r i n e  and faeces o u tp u t  o f  each p ig  were 
c o l l e c t e d  d a i l y .  Blood samples were taken ten  minu tes 
a f t e r  i n j e c t i o n ,  then tw ic e  d a i l y  f o r  t h r e e  days,  once 
d a i l y  f o r  a f u r t h e r  two days and t h e r e a f t e r  once every  
second day.
Exper iment  5 . 3 .
In t h i s  s tu d y ,  two p igs  were each in fe c te d  w i t h
15,000 Oesophaqostomum la r v a e .  The i n f e c t i n g  dose had
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been ra ise d  by 50% in o rd e r  to  exaggera te  any patho­
p h y s i o l o g i c a l  l e s i o n ,  w h i l s t  s t i l l  keep ing below the  
number t h a t  would s t i m u l a t e  a lo o sen ing  o f  the  faeces.
These expe r im en ta l  p ig s ,  t o g e th e r  w i t h  the  t h r e e  worm-
1 31f r e e  l i t t e r - m a t e  c o n t r o l s ,  were g iven  I - p o l y v i n y l  
1 31p y r r o l i d o n e  ( l-PVP) s o l u t i o n  by in t ravenous  i n j e c t i o n  
15 days a f t e r  i n f e c t i o n .
PVP is  a s y n t h e t i c  compound w i t h  an average 
m o le cu la r  w e ig h t  o f  40 ,000 .  The amount o f  l a b e l l e d  
m a te r ia l  appear ing  in the  faeces is  a good i n d i c a t o r  o f  
the  r a t e  o f  passage o f  plasma macromolecules in to  the  
lumen o f  the a l im e n ta r y  t r a c t .  The t im in g  o f  the  i n j e c ­
t i o n  was based on the  work o f  Bremner ( I 968) who s t a t e s  
t h a t  th e re  is a marked inc rease  in the  p r o t e i n  c a ta b o l i s m  
o f  c a lve s  i n f e c t e d  w i t h  Oe. rad ia tum  from the  20 th  day 
a f t e r  i n f e c t i o n .
Faeces, u r i n e  and plasma samples were c o l l e c t e d  
d a i l y  u n t i l  the  r a d i o - a c t i v i t y  o f  the  faeces f e l l  below 
the le ve l  o f  s i g n i f i c a n c e  ( v id e  i n f r a ) on the  13th  day
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a f t e r  i n j e c t i o n .  T h is  exper imen t  t h e r e f o r e  spanned the  
pe r iod  f rom the  15th to  the  2 y th  days p o s t - i n f e c t  ion.
Exper iment  5 . 4 .
Th is  was conducted in a manner s i m i l a r  to  t h a t  in
Exper iment  5.3*  but  was based on i n f e c t i o n s  w i t h  H yo s t rong y lus
r u b i d u s . Three p ig s  were in f e c te d  w i t h  2 ,400 ,  2,400 and
1,600 la r v a e  r e s p e c t i v e l y ,  and two kept  as n o n - p a r a s i t l z e d  
131c o n t r o l s .  The l-PVP was i n j e c t e d  i n t r a v e n o u s l y  on the  
38th day a f t e r  i n f e c t i o n .  The p a r a s i t i c  development o f  
H. rub idus  is n o rm a l ly  completed in 21 days ,  and so the 
mon i to red  worm p o p u la t i o n  was composed o f  a d u l t  worms.
The numbers a d m in i s te re d  to  each p ig  were governed o n l y  by 
the  a v a i l a b i l i t y  o f  l a rv a e .
The r a d i o - a c t i v i t y  o f  the  c o n s e c u t i v e  d a i l y  plasma 
samples f e l l  more r a p i d l y  in t h i s  exper iment  than in the 
l a s t ,  and o b s e rv a t i o n s  were o n l y  p o s s i b l e  over  a s i x - d a y  
per i o d .
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5 .1 .3 *  Housing and Feeding
Housing proved to  be the  f a c t o r  t h a t  l i m i t e d  the  sca le  
o f  the  i n v e s t i g a t i o n s .  Be fo re  the  p igs  were made r a d i o ­
a c t i v e  they cou ld  be kept  in t r a d i t i o n a l  loose-boxes .  
T h e r e a f t e r ,  the accommodation had to  be such t h a t  the  
u r i n e  and faeces o f  each animal cou ld  be t o t a l l y  and 
s e p a ra te l y  c o l l e c t e d  in a manner t h a t  p rec luded  contamina­
t i o n  o f  the  env i ronment .  Fo>r t h i s  purpose,  Sh i n f i e l d  
metabol ism c r a te s  were c o n s t r u c te d  ( A l l e n ,  Barbe r ,  Braude 
and M i t c h e l l ,  I 963 ) .  These a l l o w  the  p igs  t o  be kept  
s i n g l y  in a c o n f in e d  space so t h a t  they a re  unab le  to  t u r n  
around.  A mesh f l o o r  is used so t h a t  the  faeca l  m a te r ia l  
c o l l e c t s  a t  t h i s  le ve l  w h i l e  u r i n e  f lows through to  be 
chan ne l led  by a u r i n e - t r a y  in t o  a b o t t l e .  I f  male 
a n im a ls  are  used, the  faeces w i l l  not  become contamina ted  
by u r i n e  as the  l a t t e r  is  d i r e c t e d  fo rwards  (away f rom the  
dung c o l l e c t i n g  a re a ) .
In o r d e r  to  s a t u r a t e  the  t h y r o i d  g land w i t h  io d ine  
t o  ensure  t h a t  the  t r a c e r  would not  accumulate a t  t h i s  
s i t e  and t h a t  the  i so tope  would be r a p i d l y  e xc re te d  f o l l o w ­
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ing c a ta b o l i s m  o f  the  l a b e l l e d  p r o t e i n ,  a wet mash was 
made up by m ix ing  a s tandard  commercial  growers meal 
w i t h  a 0 . 005% aqueous s o l u t i o n  o f  sodium Iodide,  to  
form a p o r r i d g e - l i k e  c o n s i s te n c y .  Enough was o f f e r e d  
to s a t i s f y  the  hunger o f  each p ig  a t  a s i n g l e  meal.  I f  
the  p igs became t h i r s t y  a t  o t h e r  t imes o f  the  day,  f u r t h e r  
amounts o f  i o d id e  s o l u t i o n  were g ive n .  Th is  regime was 
commenced a t  l e a s t  f i v e  days b e fo re  the  I n t r o d u c t i o n  o f  
the  r a d i o - i o d i n e .
5 . 1 . 4 . Larva l  C u l t u r e  and A d m i n i s t r a t i o n
T h i r d  s tage  i n f e c t i v e  Oesophaqostomum la r v a e  were 
produced by the  method d esc r ibe d  in Chapter  3 The pure 
c u l t u r e  o f  H. rub idus  was k i n d l y  s u p p l le d  by 
Dr.  D.W. B rock lesby  o f  the  A g r i c u l t u r a l  Research Counci l  
L a b o r a to r i e s  a t  Compton.
The la r v a e  were g iven  to  the  p igs  by m ix ing  each 
Inoculum w i t h  a 50 g . sample o f  p ig  meal. The t r e a t e d  
food was o f f e r e d  to  i n d i v i d u a l  p igs  in a p l a s t i c  bowl 
he ld  by the  o p e r a to r .  As the  p ig s  had been s ta r v e d  f o r
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12 hours be fo rehand,  t h e i r  a p p e t i t e  was guaranteed.  In 
t h i s  way, the  dose co u ld  be q u i c k l y ,  s u r e l y  and e a s i l y  
admini  s t e r e d .
5 , 1. 5 . P re p a ra t io n  o f  i n j e c t i o n s
I am Indebted to  the  s t a f f  o f  the  Department o f  
V e t e r i n a r y  Phys io logy  o f  the  U n i v e r s i t y  o f  Glasgow who 
prepared and l a b e l l e d  th e  p o r c in e  a lbumin  s o l u t i o n s .
Blood was c o l l e c t e d  in s t e r i l e  c o n t a i n e r s  f rom p igs  
s la u gh te red  a t  the  C o rp o r a t io n  o f  Glasgow A b a t t o i r  o r  
a t  the  V e t e r i n a r y  Schoo l .  A f t e r  c l o t t i n g  had taken p la ce ,  
the  serum was p i p e t t e d  o f f  and c e n t r i f u g e d  to  remove the  
smal l  numbers o f  e r y t h r o c y t e s  s t i l l  in suspension.
Pure a lbumin  was recovered  f rom the  serum in two 
d i f f e r e n t  ways. The f i r s t  method invo lved  the  use o f  
anhydrous sodium s u lp h a te  wh ich  p r e c i p i t a t e d  the  
g l o b u l i n s  (Appendix  5, T ab le  1) .  B e t t e r  y i e l d s  were,  
however,  o b ta in e d  by pass ing  the  serum th rough  a f o u r -  
metre Sephadex GlOO column which  separa ted  the  plasma 
p r o te i n s  on the  b a s is  o f  t h e i r  m o le cu la r  w e ig h t .  The
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p u r i t y  o f  the  p r e p a r a t i o n  was te s te d  by e l e c t r o p h o r e s i s ,
125A l - t r a c e r  was purchased f rom the  Radiochemical
C e n t re ,  Amersham, in the  form o f  r a d i o - i o d i d e ,  f r e e  o f
125reduc ing  agents .  The I was bound o n to  the  t y r o s i n e  
group o f  the  a lbumin  mo lecu le  by the  method o f  
McFarlane (1958) as d esc r ibed  f u l l y  in Appendix 5,
Tab le  2. The r e s u l t a n t  s o l u t i o n  was d i a l y s e d  to  remove 
unbound i o d in e ,  and more a lbumin  added to  reduce the  
a c t i v i t y  to  below 5 M-c/mg. in o r d e r  to  m in im ize  r a d i a t i o n  
decom pos i t ion .  The 125 i so tope  o f  io d in e  was chosen as 
i t s  r e l a t i v e l y  long h a l f - l i f e  (60 days) enables  obse rva ­
t i o n s  to be c o n t inu ed  over  c o n s id e r a b le  p e r iod s .
The PVP was in the  form o f  i o d in a te d  p o l y v i n y l  
1 31p y r r o l  idone-I  i n j e c t i o n  as produced by the  Rad io ­
chemical  Centre .  In t h i s  case,  the  131 is o top e  was used 
as i t  was a n t i c i p a t e d  t h a t  a h igh  p r o p o r t i o n  o f  the  PVP 
would have d isappeared  f rom the  body w i t h i n  days o f  i t s  
a d m i n i s t r a t i o n ,  and thus  the  s h o r t e r  h a l f - l i f e  (8 days)  
would be adequate.
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In t ravenous  i n j e c t i o n  was performed v i a  an e a r - v e in .  
Blood samples were,  t h e r e a f t e r ,  taken f rom the  o p p o s i t e  
ear  f o r  a t  l e a s t  a week. Each p ig  was sedated w i t h  a 5% 
s o l u t i o n  o f  ch lo rp ro m az in e  h y d r o c h lo r i d e  ( L a r g a c t i l ,  May 
and Baker;  2 mg/kg.  body w e i g h t ) ,  g iven i n t r a m u s c u la r l y  
one hour b e fo re  the  m a n ip u la t i o n ,  then l i g h t l y  anaes the­
t i z e d  by the  i n t r a p e r I t o n e a l  i n j e c t i o n  o f  p e n ta b a rb i t o n e  
sodium (Nemutal ,  A b b o t t ;  1^ m l / l b .  body w e ig h t ) .  The 
in t r a v a s c u l a r  r o u te  was avoided so t h a t  the  e a r - v e in s  
c o u ld  be kept  i n t a c t .  i f  necessary ,  the  anaes thes ia  
was deepened by the  a d m i n i s t r a t i o n  o f  e th e r  th rough a 
fac e  mask. Deep n a r c o s is  was d e l i b e r a t e l y  avoided as 
p igs a re  ve ry  s u s c e p t i b l e  to  pulmonary oedema and 
should, t h e r e f o r e ,  be encouraged to  rega in  consc iousness 
as s p e e d i l y  as p o s s ib le .  D e s p i te  these p re c a u t io n s  two 
p igs  were l o s t  in t h i s  way. These have been exc luded 
from the  p resen t  r e p o r t ,  and account  f o r  the  uneven 
d i s t r i b u t i o n  o f  an imals  between the  t r e a t e d  and c o n t r o l  
groups in Exper iments 5-3-  and 5-4 .
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5 . 1 . 6 .  C o l l e c t i o n  o f  Samples 
Faeces :
These gathered  on the  g r i d  f l o o r ;  and were c o l l e c t e d  
once a day in to  p l a s t i c  bags f o r  t r a n s p o r t  t o  the  l a b o r a t o r y  
Care was taken to  sepa ra te  ‘ c le an*  faeca l  m a te r ia l  f rom 
t h a t  known, o r  suspected to  be con tamina ted  w i t h  u r i n e .
As a check a smal l  sample o f  dung was a ls o  taken d i r e c t l y  
f rom the  rectum. The c o n s i s te n c y  o f  the  dung was a lso  
no ted .
U r i n e :
T h is  f lowed i n t o  a p o ly th e n e  b o t t l e  t h a t  cou ld  be 
c losed  w i t h  a w a t e r t i g h t  screw-on cap.
B1ood ;
Though the  ideal  method o f  c o l l e c t i n g  b lood f rom the  
p ig  is by punc tu re  o f  the  a n t e r i o r  vena cava,  because o f  
the  number o f  han d le rs  necessary f o r  t h i s  p rocedure ,  the 
w r i t e r  was o b l i g e d  to  use th e  s im p le r  bu t  somewhat less  
s a t i s f a c t o r y  method o f  punc tu re  o f  an ear  v e in .  The 
samples were taken by i n f l i c t i n g  a small  s tab-wound w i t h
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a number 24 s c a lp e l  b lade  and a l l o w in g  the  exud ing  b lood  
to  run i n t o  a tube c o n t a i n i n g  s e q u e s t r i n e ,  o r ,  in 
a p p r o p r i a t e  cases,  in to  an u n t r e a t e d ,  s t e r i l e  b o t t l e .
Th is  procedure worked reasonab ly  w e l l  as the  p igs were 
co n f in e d  to a small  a rea ,  and would stand s t i l l  i f  g iven 
a wad o f  c o t to n -w o o l  to  chew.
Worm Counts :
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Where I had been used,  the  worms were i s o l a t e d ,
I d e n t i f i e d  and counted a t  au topsy  by the  methods
d esc r ibed  in Chapter  1. In the  exper iments  us ing  
125 I ,  t h e re  was a remote p o s s i b i l i t y  t h a t  the  r a d i o - a c t i v i t y  
o f  the  p igs  m igh t  have been s t i l l  too h igh  to  a l l o w  t h i s  
p rocedure ,  and t h e r e f o r e  a ve rm i fu ge  was a d m in i s te re d  to  
e j e c t  the worms f rom the  hos t .  The a n t h e l m i n t i c  used was 
d i c h l o r v o s  (A tg a rd ,  S h e l l  I n t e r n a t i o n a l  Chemical Company) 
a t  a dose r a t e  o f  40 mg/kg.  Exper iences r e l a t e d  in Chapter  
4 had shown t h a t  v i r t u a l l y  t o t a l  e x p u ls io n  o f  
Oesophagestomum p o p u la t i o n s  occu r  a f t e r  d i c h l o r v o s  the rap y .  
The worms t h a t  appeared in the  faeces were i n t a c t  and cou ld  
be eas i 1 y co u n te d .
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5 . 1 . 7 .  P re pa ra t io n  o f  R a d i o - a c t i v e  Samples 
Faeces ;
The t o t a l  w e ig h t  o f  the  2 4 -hour sample was measured. 
The uncontaminated m a te r ia l  was spread o ve r  a l a rg e  t r a y ,  
and small  p ieces were chosen a t  random from a l l  p a r t s  o f  
the s u r fa c e  and placed on the  pan o f  a ba lance .  When 
f i v e  grammes had been taken t h i s  was t r a n s f e r r e d  to  a 
l i p l e s s  t e s t  tube  and the  m a te r ia l  compressed in t o  th e  
bottom o f  the  tube to  the  e x c lu s io n  o f  any t rapped a i r .  
Th is  process was repeated  w i t h  a second f i v e  gramme 
a l i q u o t  and a t h i r d  was made up f rom the  r e c t a l  sample.
U r i n e ;
The volume o f  the  24 hour sample was measured, 
and the  who le  t h o ro u g h ly  mixed.  Three f i v e - m i l l i l i t r e  
p o r t i o n s  were p i p e t t e d  o u t .
B lo o d :
The sequestr inated whole b lood  samples were 
c e n t r i f u g e d  f o r  15 minu tes  a t  2,000 r . p .m .  Th is  
sedimented the  c o rp u s c u la r  e lements o f  the  b lood ,
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l e a v in g  the  plasma which  was p i p e t t e d  o f f .  A 0 .5  m l . p o r ­
t i o n  was p laced in the  c o u n t in g  tube ,  and made up to
5.0 ml .  w i t h  water  c o n t a i n i n g  a smal l  q u a n t i t y  o f  sodium 
hyd rox id e  to p reven t  p r e c i p i t a t i o n  o f  the  p r o te i n s .
Standards :
When measur ing the  r a d i o - a c t i v i t y  o f  the  samples, 
a l l o w a n c e  had to be made f o r  the  decay o f  the  iso tope ,
Th is  o b j e c t i v e  was ach ieved  by p r e s e r v in g  a p o r t i o n  o f  
the  l a b e l l e d  p r e p a r a t i o n  intended f o r  i n j e c t i o n  in t o  the  
an ima l .  T h is  was d i l u t e d  w i t h  a weak s o l u t i o n  o f  sodium 
h yd rox id e  so t h a t  the  a c t i v i t y  o f  a f i v e - m i l l i l i t r e  a l i q u o t  
approximated t h a t  a n t i c i p a t e d  f o r  the  plasma d u r in g  the 
e x p e r im e n t .
5 . 1. 8 . Examinat ion  o f  Samples
The measur ing tubes were o f  such a s i z e  t h a t  they 
f i t t e d  in t o  the  w e l l  o f  the  sodium io d id e  c r y s t a l  o f  the 
s c i n t i l l a t i o n  co u n te r  (Ecko E l e c t r o n i c s  L t d . ) .  F ive -  
m i l l i l i t r e  samples were used in o rd e r  to  e x p l o i t  the  
equipment under c o n d i t i o n s  known to  e x c i t e  i t s  maximum 
e f f i c i e n c y .  The c r y s t a l  is  s e n s i t i v e  to  gamma em iss ions
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and co nve r ts  each i n t o  a l i g h t  impulse.  These a re  d e te c te d ,  
m a g n i f ied  and passed th rough  a d i s c r i m i n a t o r ,  wh ich  ' f i l t e r s  
o u t '  a l l  bu t  the  s e le c te d  energy band, b e fo re  be ing counted 
(Ecko model s c a le r  M5200 and t im e r  M5220). The m a j o r i t y  o f  
o b s e rv a t io n s  were made over  a 30 second p e r iod  and any 
counts less  than th r e e  t imes the  background were cons ide red  
I n s i g n i f i c a n t .
Background Count ;
T h is  is  the  n a tu ra l  r a d i o - a c t i v i t y  o f  the  e n v i r o n ­
ment about  the  sodium io d id e  c r y s t a l .  T h is  was p ro te c te d  
by a lead s h i e l d  and so t h i s  f i g u r e  was ve ry  s m a l l .  The 
background was a s c e r ta in e d  b e fo re  any o th e r  measurements 
were made. I t  was repeated  a t  I n t e r v a l s  t h r o u g h o u t  the  
p e r iod  t h a t  the  appara tus  was in use in o r d e r  to  ensure 
t h a t  the  w e l l  had not  become con tam ina ted .
Standard Count ;
A f t e r  the  background coun t  had been m o n i to re d ,  the  
s tandard  p re p a r a t i o n  was examined. Two sepa ra te  read ings  
were taken ,  and t h i s  procedure  was repeated  severa l  t imes
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d u r in g  each s e r i e s  o f  o b s e r v a t i o n s  to  ensure t h a t  the  
s e n s i t i v i t y  o f  the  equipment remained c o n s ta n t .
Samp]es :
The p r e l i m i n a r y  read ings  hav ing  been per fo rm ed, the  
sample tubes were scanned one by one,  two counts  be ing 
made on each.
5 . 1 . 9 . P ro te in  E s t im a t io n s
The t o t a l  serum p r o t e i n  va lues  were measured by the 
h i u r e t  r e a c t i o n  (Weichselbaum, 1946).  D u p l i c a te  samples 
o f  0.1 ml.  serum were added to  4 .9  m l . o f  0.85% sodium 
c h l o r i d e  s o l u t i o n .  Th is  was mixed w i t h  5.0  ml. o f  b i u r e t  
reagen t .  A b la nk  was made up w i t h  5^0 ml . s a l t  s o l u t i o n  
and an equal volume o f  b i u r e t ,  ' V e r s i t o l ' ,  a commercial  
p re p a r a t i o n  c o n t a i n i n g  4 .3  gms. per  cent  p ro te in^was  used 
as a s tandard  f o r  c a l i b r a t i n g  th e  s p e c t ro -p h o to m e te r  
(Unicam S . P . 5OO) employed f o r  read ing  the i n t e n s i t i e s  o f  
the r e s u l t a n t  s o l u t i o n s .
S epa ra t ion  o f  the  a lbumin  and g l o b u l i n  f r a c t i o n s  was 
e f f e c t e d  by c e l l u l o s e  a c e ta te  e l e c t r o p h o r e s i s  us ing  'O xo id '
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s t r i p s  across a Shandon e l e c t r o p h o r e s i s  tank  (Kohn and 
Fe inberg ,  1965)• The s t r i p s  were f l o a t e d  on the  s u r fa c e  
o f  the b u f f e r  s o l u t i o n  (Appendix 5, Tab le  3) which was 
drawn i n to  the  m a te r ia l  by c a p i l l a r y  a c t i o n ,  then t o t a l l y  
immersed and b l o t t e d .  The s t r i p  was then l a i d  across 
the  suppor ts  on the  tank ,  the  ends covered by pads d i p ­
p ing i n t o  the  r e s e r v o i r  o f  b u f f e r  s o l u t i o n .  A small  drop 
o f  the  serum was placed across  the  w id th  o f  the  coarse  
upper s u r f a c e  o f  the  s t r i p  a t  the  ca thode  end. A c o n s ta n t  
v o l t a g e  o f  150 v. was a p p l i e d  across  the  s t r i p s  f o r  one 
hour.  The l i d  o f  the  tank  was rep laced  d u r in g  t h i s  t ime 
to  m in im ize  e v a p o ra t i o n .  The r a t e  o f  m ig r a t i o n  o f  the  
d i f f e r e n t  p r o t e i n  mo lecu les  Is dependent  upon the  charges 
they  c a r r y  and the  procedures  o u t l i n e d  above wou ld ,  t h e r e ­
f o r e ,  se rve  to  sepa ra te  the  c o n s t i t u e n t s  o f  the  serum 
samples. The s t r i p s  were d r i e d  in hot  a i r ,  s ta in e d  w i t h  
p u r i f i e d  Ponceau S, washed w i t h  5% a c e t i c  a c id  and the  
c o lo u r  i n t e n s i t y  o f  each p r o t e i n  band read by means o f  a 
'Chromoscan'  (Joyce ,  Loebl and C o . ) .
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5 .1 .1 0 .  D isposa l  a n d /o r  T rea tm ent  o f  R a d io - a c t i v e  Carcasses , 
Samples and Equipment.
The two p igs  t h a t  d ie d  immed ia te ly  a f t e r  the  a d m i n i s t r a ­
t i o n  o f  the  i so tope  were b u r ie d  s i x  f e e t  underground.  At  
the t e r m in a t i o n  o f  the  e x p e r im e n t ,  ve ry  l i t t l e  a c t i v i t y
131remained in those g iven I ,  and so these  cou ld  be used 
f o r  the  p ro d u c t io n  o f  meat-and-bone f l o u r  f o r  a g r i c u l t u r a l
125use in the  normal way. The p igs  r e c e i v i n g  I were kept  
f o r  a f u r t h e r  two months t o  ensure t h a t  v i r t u a l l y  a l l  the  
a c t i v i t y  had been e xc re te d  o r  had decayed b e fo re  be ing  
subjected to  the  same f a t e .
The faeca l  m a te r ia l  c o n ta in e d  o n l y  very small  amounts 
o f  a c t i v i t y  and cou ld  be d is c a rd e d  th rough the  usual 
channels w i t h o u t  d e lay .  The u r i n e  and blood  were o f t e n  
h i g h l y  a c t i v e  and were kept  in s t o r e  f o r  a p e r io d  o f  weeks 
u n t i l  such t imes as the  r a d i o - i s o t o p e  had decayed to  
n e g l i g i b l e  amounts. The f l u i d s  were then f l u s h e d ,  a l i t t l e  
a t  a t im e ,  i n t o  the  d r a i n  t o g e th e r  w i t h  l a rg e  q u a n t i t i e s  
o f  wa ter .
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Wherever p o s s i b l e  d is p o s a b le  appara tus  was used. T h is  
was kept  to  one s id e  a f t e r  use u n t i l  n a tu r a l  d econ ta m ina t ion  
had taken p la ce  and then d is c a rd e d .  O the r i tems such as 
p i p e t t e s  were t h o ro u g h ly  c leaned ,  then s to r e d  u n t i l  t h e i r  
a c t i v i t y  was low enough to  a l l o w  re -use .
5 . 1. 11. C a l c u l a t i o n  o f  R e su l t s  
Serum P r o t e i n s :
E le c t r o p h o r e s i s  and scann ing  gave the  r e l a t i v e  
p ro p o r t i o n s  o f  a lbumin  and g l o b u l i n .  The l a t t e r  cou ld  be 
f u r t h e r  s u b - d i v i d e d  i n t o  the  a lp h a ,  beta  and gamma 
c o n s t i t u e n t s  by t h i s  t ech n iq ue ,  bu t  t h i s  was i r r e l e v a n t  
f o r  the  p re sen t  s tudy .  The a l b u m i n : g l o b u l i n  r a t i o  (A/G) 
cou ld  be c a l c u l a t e d  f rom these  d a ta ,  and the  a b s o lu te  
q u a n t i t i e s  o f  each per unit volume o f  serum cou ld  be o b ta in ed  
f rom the  t o t a l  serum p r o t e i n  r e s u l t s  by p r o p o r t i o n .
I so tope  S tud ies  -  G e n e ra l :
C o r r e c t i o n  f a c t o r s
The background a c t i v i t y  was measured d i r e c t l y  and 
expressed as counts per 30 o r  100 seconds as a p p r o p r i a t e .
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The decay f a c t o r  was c a l c u l a t e d  by d i v i d i n g  the  o r i g i n a l  
s tandard  coun t  by t h a t  taken a t  the  t im e  o f  e xam ina t io n .
Computat ion o f  Read ings ;
Plasma
The average was taken o f  the  two counts  made on each 
sample.  From t h i s  va lu e  was s u b t ra c te d  the  background 
c o u n t ,  and the  r e s u l t  m u l t i p l i e d  by the  decay f a c t o r  to  
g i v e  the  f i g u r e  t h a t  would have been r e g i s t e r e d  i f  no 
r a d i o - a c t i v e  decay had taken p lace .  Th is  was compared w i t h  
the  co r re sp o n d in g  re ad in g  f o r  the  ten m inu te  sample,  and 
expressed as a decimal f r a c t i o n .
U r ine  and Faeces
The mean o f  the  averages o f  the  t h r e e  p a i r s  o f  
r e s u l t s  f o r  each c o l l e c t i o n  were taken ,  and a l lowances  
made f o r  background and decay.  F u r th e r  c o r r e c t i o n s  were 
made to  c o n v e r t  the  f i g u r e s  to  coun ts  per m i l l i l i t r e  o f  
u r i n e ,  o r  per gramme o f  faeces ,  per second. L a s t l y ,  
c o n s i d e r a t i o n  was taken o f  the  s i z e  o f  the  d a i l y  sample 
to g ive  the t o t a l  a c t i v i t y  e x c re te d  ove r  a 24 hour p e r io d .
246
1 25 1-albumin  C a l c u l a t i o n s ;
An example o f  these  m a n ip u la t i o n s  is g iven  in 
Appendix 5, Tables 5 and 6.
T o ta l  i n j e c t e d  a c t i v i t y
The t o t a l  a c t i v i t y  o f  the  m a t e r i a l  in t roduced  in t o  
each p ig  was e a s i l y  c a l c u l a t e d  as known w e ig h ts  o f  the  
a lbumin s o l u t i o n  were used f o r  the  i n j e c t i o n s  (Appendix  5, 
Tab le  4) and f o r  the  p re p a r a t i o n  o f  the  s tandard .  The 
a c t i v i t y  o f  the  l a t t e r  was mon i to red  and the  amount o f  
label led a lbumin  g iven  to. each animal  co u ld ,  th e re b y ,  be 
q u a n t i t a t e d  in terms o f  coun ts  per  second:
Standard a l i q u o t  c o n ta in s  a g. a lbumin  s o l u t i o n  
and produces n coun ts  per second.
Thus, 1 g. s o l u t i o n  g ives  g c . / s e c .
Weight o f  a lbumin  s o l u t i o n  i n j e c t e d  i n t o  the  p ig  
“  (w e ig h t  o f  s y r i n g e  when f u l l  -  w e ig h t  o f  s y r i n g e  
a f t e r  i n j e c t i o n )  = b g.
Thus,  t o t a l  i n j e c t e d  a c t i v i t y  “  (b ^ ) c . / s e c .
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Plasma volume (Vp)
T h is  is c a l c u l a t e d  by the  a p p l i c a t i o n  o f  the  d i l u t i o n  
p r i n c i p l e .  The t o t a l  i n j e c t e d  a c t i v i t y  is known ( v id e  
s u p r a ) , and the  c o u n t - r a t e  per  u n i t  volume o f  the  ten 
minu te  plasma sample was measured. W i th in  the  ten minutes 
a f t e r  i n j e c t i o n ,  the  l a b e l l e d  a lbumin  w i l l  have become 
t h o ro u g h ly  d i s t r i b u t e d  th r ou g ho u t  t h e  i n t r a - v a s c u l a r  pool 
bu t  ve ry  l i t t l e  w i l l  have e n te re d  the  e x t r a - v a s c u l a r  poo ls .  
Thus, the  plasma volume expressed in terms o f  m i l l  i l . i t r e s  :per 
k i logramme body w e ig h t  may be e s t im a te d  f rom the  degree 
o f  d i l u t i o n  o f  th e  o r i g i n a l  s o l u t i o n  t h a t  has taken p lace  
in t h i s  t im e:
( ' 1/ 1. \ _______T o ta l  i n j e c t e d  a c t i v i t y  ( c . / s e c . )
P ^ ^  ”  Ten m inu te  plasma a c t i v i t y  ( c . / s e c . / m l . )
X Body weight (k g . )
I n t r a - v a s c u 1ar  a lbumin  pool (CA)
The q u a n t i t y  o f  a lbumin  c i r c u l a t i n g  in u n i t  volume o f  
serum was measured by the  b i u r e t  r e a c t i o n  ( v id e  s u p r a ) ,  
and t h i s  enabled the  f o l l o w i n g  s te p  to be taken:
CA ( g / k g  ) = Vp x Serum a lbumin  c o n c e n t r a t i o n  ( g / m l . )
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Curve A n a l y s i s  -  S t e r l i n g  (1951) Method:
T o ta l  body a lbumin  pool (TA)
A graph is  drawn o f  the  plasma a c t i v i t i e s ,  expressed 
as decimal  f r a c t i o n s  o f  the  ten  m in u te  sample r e s u l t ,  on 
a s e m i - l o g a r i t h m i c  s c a le  a g a in s t  t im e  (Fig. '  5 . 1 . ) .  The 
f i r s t  p a r t  o f  the  cu rve  f a l l s  r a p i d l y  as the  e q u i l i b r i u m  
is e s ta b l i s h e d  between the  i n t r a -  and e x t r a - v a s c u l a r  poo ls 
T h e r e a f t e r ,  the  g r a d ie n t  decreases and merges i n t o  the  
second component o f  the  cu rve ,  wh ich  is  a s t r a i g h t  l i n e  
re p re s e n t in g  o n l y  the  loss  o f  labe l  f rom the  body.
The e xpo n en t ia l  p a r t  o f  the  d isappearance  cu rve  is  
e x t r a p o la te d  back to  the t ime o f  I n j e c t i o n .  The i n t e r c e p t  
is g iven  the  symbol c ,  and t h i s  f a c t o r  re p re sen ts  the  
r e l a t i v e  d i s t r i b u t i o n  o f  a lbumin  in the  two main poo ls 
a t  the  t im e  t h a t  the  plasma volume was measured. The 
t o t a l  a lbumin  pool is  t h e r e f o r e  o b ta in e d  f rom:
TA = ( g / k g . )
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E x t r a - vascu1a r  a lbumin  poo ls  (EA)
T h is  va lu e  is s im p ly  the  t o t a l  body pool less  the  
i n t r a - v a s c u l a r  component;
EA = TA -  CA
Catabol  ic ra te
Th is  can be expressed as the  apparent  h a l f - l i f e  
o f  the i n j e c t e d  a lbumin  a f t e r  a s t a t e  o f  e q u i l i b r i u m  
has been a t t a i n e d ,  i . e .  by a n a l y s i s  o f  the  e xpo n en t ia l  
p a r t  o f  the  curve .
Curve A n a ly s i s  -  Mat thews (1957) Method:
Again the  e x p on en t ia l  p a r t  o f  the  curve  is extended 
backwards to  the  t ime o f  i n j e c t i o n .  A t  chosen p o in t s  o f  
t im e ,  the  va lu e  in d i c a te d  by the  e x t r a p o la te d  l i n e  is 
s u b t ra c te d  f rom the  co r re sp on d ing  f i g u r e  on the  cu rve  
o b ta in e d  f rom the  expe r im en ta l  o b s e r v a t i o n s .  The r e s u l t s  
f rom t h i s  m a n ip u la t i o n  are  a l s o  p l o t t e d  on the  graph 
( F ig ,  5 . 1 . ) .  In a l l  cases,  a s t r a i g h t  l i n e  was formed.
Albumin metabo l ism ts though t  t o  be a f u n c t i o n  o f  the  
i n t r a - v a s c u l a r  compartment , and t h e r e f o r e  the  f r a c t i o n a l  
c a t a b o l i c  r a t e  (K) may be expressed as the  f r a c t i o n  o f  the  
i n t r a - v a s c u l a r  a lbumin  pool degraded in a 24 hour p e r io d .  
Th is  f i g u r e  is o b ta in e d  f rom the  f o l l o w i n g  fo rmu la  
(Matthews,  1957):
K =  '
b, b2
where c^ and c^ are  the  p o in t s  o f  i n t e r s e c t i o n  on the  zero 
t im e  a x i s  o f  the  two s t r a i g h t  l i n e s ,  and b^ and b^ a re  the  
g r a d ie n t s  o f  the  two cu rves  c a l c u l a t e d  thus:
days
C a ta b o l i c  Rate -  Campbe l l 's  Method (Campbel l ,  C u th b e r t s o n , 
Matthews and MeFar lan e ,  1956)
Assuming once aga in  t h a t  a lbumin  c a ta b o l i s m  is  a
f u n c t i o n  o f  the  i n t r a - v a s c u l a r  compartment ,  the  f r a c t i o n a l
c a t a b o l i c  r a t e  w i l l  be the  p r o p o r t i o n  o f  the  t o t a l  plasma
a c t i v i t y  exc re te d  in the  u r i n e  and faeces d u r in g  a 24 hour
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p e r i o d ,  o r ,  expressed m a th e m a t i c a l l y ;
K - " ‘ fQp X  Vp
where Q.p is the  coun ts  per  ml . plasma a t  the  t ime t h a t  the 
e x c r e to r y  m a t e r i a l s  were produced,  and Vp is expressed in mis.
The a b s o lu te  d e g ra d a t io n  r a t e  is  the w e ig h t  o f  a lbumin  
m e tab o l i ze d  per day ,  wh ich  is  g iven  by; (K x CA) g / k g . / d a y .
 ^^ ^I - PV P C a l c u l a t i o n s :
An example o f  these  c a l c u l a t i o n s  is g iven  in Append ix  5, 
Tab le  7.
T o ta l  i n i e c t e d  a c t i v i t y
T h is  was c a l c u l a t e d  f rom the  w e ig h t  o f  the  s o l u t i o n  
i n j e c t e d  (Appendix 5, Tab le  4) and the  a c t i v i t y  o f  the  
s tandard  as d e s c r ibe d  above f o r  the  a lbumin  tu r n o v e r  e x p e r i ­
ment.
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Apparent  plasma h a l f - l i f e
The plasma a c t i v i t i e s ,  expressed as a percen tage o f  
the  o r i g i n a l  count  taken a f t e r  24 hours ,  were p l o t t e d  on 
a s e m i - l o g a r i t h m i c  s c a le  a g a in s t  t im e .  In every  case,  
the  p o in t s  f e l l  a long  a s t r a i g h t  l i n e ,  and thus the  
apparent  h a l f - l i f e  cou ld  be read o f f  ( F i g .  5 - 2 . ) .
Faecal 'p lasma c l e a r a n c e *
Some a c t i v i t y  was e xc re ted  in the  faeces each day.
The faeca l  'p lasma c le a r a n c e '  is the  volume o f  plasma
1 31t h a t  would have c o n ta ined  t h a t  amount o f  l -PVP. I t
Is a conven ie n t  method o f  q u a n t i f y i n g  the  magni tude o f  
passage o f  t h i s  macromolecule i n t o  the  g a s t r o - i n t e s t i n a l  
t r a c t  f o r  compara t ive  purposes.
Faeces c o l l e c t e d  d u r in g  a 24 hour p e r iod  c o n t a i n  
PVP t h a t  had en te red  the  d i g e s t i v e  t r a c t  some t im e  
p r e v io u s l y .  The faeca l  a c t i v i t i e s  were t h e r e f o r e  compared 
w i t h  the  plasma c o u n t - r a t e s  f o r  the  p re v iou s  day:
Faecal a c t i v i t y  ( c . / s e c . / 2 4
Faecal 'p lasma c le a ra n c e '  ( m l . )  -  ________ hour sample)_________
Plasma a c t i v i t y  ( c / s e c . / m l . )
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T o ta l  e x c r e t i o n  in u r i n e  and faeces
The t o t a l  exc re ted  a c t i v i t y  appear ing  in the  u r i n e  




5 . 2 , ] .  Exper îment 5 • I •
The t o t a l  serum p r o t e i n  v a lu e s ,  A;G r a t i o s ,  a b s o lu te  
g l o b u l i n  and albumin  c o n c e n t r a t i o n s  f o r  each p ig  a re  
d is p la y e d  p i c t o r i a l l y  in F igs .  5-3* “  5-5-  and are 
t a b u la te d  in Appendix 5, Tables  8 -10.  No obv ious  drop 
in a lbumin  l e v e l s  occu r red  in p igs PI 73 o r  PI 76 . Low 
va lues  were recorded f rom PI 75 f o r  the  t h r e e  weeks 
Immediate ly  a f t e r  i n f e c t i o n  and a s i m i l a r ,  bu t  a less  w e l l  
d e f in e d  response was seen in PI 74, The l a t t e r  p ig  showed 
a r e d u c t i o n  in t o t a l  serum p r o t e i n  c o n c e n t r a t i o n  a t  t h i s  
t im e ,  bu t  o th e rw is e  no obv ious  a b n o r m a l i t i e s  were d is p la y e d  
in these o r  in the  a b s o lu te  g l o b u l i n  r e s u l t s .
The c l i n i c a l  h i s t o r i e s  o f  these  p igs as recorded by 
T a f f s  ( 1966) a re  summarized |n Appendix  5, Tab le  11'. The 
s a l i e n t  f e a tu r e s  are  t h a t  PI 75 was the  w o rs t  a f f e c t e d ,  being  
d i a r r h o e i c  f rom the  5 th  to  the  29 th  day a f t e r  i n f e c t i o n ,  and 
t h a t  PI 76 showed few s ig ns  a t t r i b u t a b l e  to  the  p a r a s i t i c  
burden i t  c a r r i e d ,  w h i l s t  the  responses o f  PI 73 and PI 74 
were in t e r m e d ia te .  The numbers o f  worms recovered v a r ie d  
f rom 1,942 (PI 74) to  6 ,344  (P175).
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5 .2 . 2 ,  Exper iment  5 . 2 .
T h is  p r o j e c t  was in tended  as a p i l o t  s tu d y ,  and the 
data  presented should be i n t e r p r e t e d  w i t h  t h i s  in mind.
One p a i r  o f  an imals  was used f o r  each phase o f  the  
i n v e s t i g a t i o n .  The r e s u l t s  thus o b ta in e d  cannot  be 
compared w i t h  c o n f id e n c e  as no i n d i c a t i o n  was g iven  o f  
the  v a r i a t i o n  in va lues  t o  be expected w i t h i n  p o p u la t i o n s  
o f  i n f e c te d  and w orm - f ree  p ig s .  Thus,  no s i g n i f i c a n c e  
can be read in t o  the  a b s o lu te  va lues  o b ta in e d ,  bu t  these  
are  recorded as c e r t a i n  t re n d s  were suggested.  One 
d e f i n i t e  c o n c lu s io n  cou ld  be made: the  r a t e  o f  a lbumin  
ca tabo l  ism in the  p a r a s i t i z e d  p igs  was not  g r o s s l y  
a c c e l e r a t e d .
One o th e r  im p o r tan t  f a c t o r  must be taken i n t o  account  
when c o n s id e r in g  the  r e s u l t s  o f  t h i s  exper im en t .  T h i s  is 
the  f a c t  t h a t  the. p igs  used f o r  these  i n v e s t i g a t i o n s  were 
not  s e x u a l l y  mature bu t  were s t i l l  growing r a p i d l y .  Thus, 
the  w e igh t  o f  the  p ig s  increased by up to  30% d u r i n g  the  
t im e  t h a t  they were under t e s t  (Tab le  5 1 ) .  T h is  im p l i e s  
t h a t  the  body poo ls  were expand ing ,  and consequen t l y  t h a t
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the  re s id u a l  l a b e l l e d  a lbumin  was c o n t i n u o u s l y  be ing
d i l u t e d .  Thus,  the  g r a d ie n t  o f  the  plasma d isappearance
curves w i l l  be too s teep  and a l l  va lues  t h a t  a re  c a l c u l a t e d
by graph a n a l y s i s  (EA, t_^, and -  Tab le  5 . 2 . )  w i l l
2
be s u b je c t  to  e r r o r .  These r e s u l t s  a re ,  t h e r e f o r e ,  s u i t ­
ab le  o n l y  f o r  compara t ive  purposes,  and shou ld  not  be 
regarded as a b s o lu te  p h y s i o l o g i c a l  va lu es .
Each p a i r  o f  an imals had reached a d i f f e r e n t  s tage  
in t h e i r  l i f e - c y c l e  when the  is o top e  was i n j e c t e d .  Th is  
e x p l a in s  the  v a r i a t i o n s  between groups seen e s p e c i a l l y  in 
plasma volume va lues  (Tab le  5 2 . ) .
When purchased,  the  p ig s ,  a l t h o u g h  not  i d e n t i c a l ,  were 
ve ry  even ly  matched. They were d i v i d e d  i n t o  groups by 
means o f  random f i g u r e  t a b le s .  On exam ina t io n  o f  the  data 
in Tab le  5 1 . ,  i t  can be seen t h a t  the  t e r m in a l  w e igh ts  
o f  the  expe r im en ta l  s u b je c t s  was i n v a r i a b l y  lower than the  
i n i t i a l  va lues  f o r  the  replacement  an im a ls .  The g rowth-  
r a t e  o f  the  p igs in the  metabo l ism c r a t e s  was s lower than 
t h a t  o f  t h e i r  l i t t e r - m a t e s  kept  in the  c o n ve n t ion a l  
manner. T h is  d i f f e r e n c e  is p ro ba b ly  accounted  f o r  by
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t em pe ra tu re ,  s i n c e  the  p igs  in the  metal metabo l ism cages 
lacked s t ra w  and were unab le  t o  huddle  to g e th e r  in groups.  
The i n f e c t e d  an imals  o f  phases one and two o f  the  e x p e r i ­
ment had a s lower g r o w t h - r a t e  than t h e i r  normal companions 
In the  l a s t  s tu d y ,  the  p a r a s i t i z e d  p ig  matched the  c o n t r o l  
so t h a t  t h e i r  w e igh ts  were comparable 55 days a f t e r  i n f e c ­
t i o n .  No p a r a s i t i z e d  p ig  showed any s ign  o f  d ia r r h o e a .
No worm-count  was a t temp ted  a t  the  t e r m i n a t i o n  o f  
the  f i r s t  phase o f  t h i s  s tudy  because o f  the  t e c h n ic a l  
d i f f i c u l t i e s  invo lved  in r e c o v e r in g  la rva e  f rom l a r g e  
q u a n t i t i e s  o f  faeca l  m a t e r i a l .  Worms 35 days o l d  o r  
more are  e a s i e r  to  f i n d  and coun t .
In each s tudy ,  the  f i g u r e s  f o r  the  serum albumin  
c o n c e n t r a t i o n  and e x t r a - v a s c u l a r  a lbumin  pool s i z e  were 
s m a l le r  in the  in f e c te d  an imals  than in the  c o n t r o l s ,  
whereas the  o p p o s i t e  was t r u e  o f  the  i n t r a - v a s c u l a r  pool 
s i z e .  The plasma volumes were a ls o  l a r g e r  in the  
p a r a s i t i z e d  p igs  excep t  in the  f i r s t  phase o f  the  e x p e r i -
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ment when they were e qu a l.  As mentioned above, these  
comparisons a re  not n e c e s s a r i ly  v a l i d .
The f r a c t i o n a l  c a ta b o l i c  ra te s  were id e n t ic a l  in 
the  p a r a s i t i z e d  and qormal a n im a ls .  There was, t h e r e fo r e ,  
no inc rease  in the a lbum in  tu rn o v e r  ra te s  o f  the  p igs  
c a r r y in g  heavy Oesophagestomum burdens. The appa ren t 
plasma h a l f - l i v e s  were s h o r te r  in  th e  in fe c te d  s u b je c ts ,  
but aga in  these  r e s u l t s  a re  no t s t a t i s t i c a l l y  s a t i s f a c t o r y  
and may have been c o in c id e n ta l .
5 . 2 . 3 . Exper iment  5 3 -
Growing p igs  were a ls o  used f o r  t h i s  exper im en t  and 
the  nex t  (Exper iment  5 , 4 . ) .  The r e s u l t s  a re  t h e r e f o r e  
subject to  the  q u a l i f i c a t i o n s  o u t l i n e d  in the  p re v iou s  
s e c t i o n .  La rge r  numbers o f  expe r im en ta l  an imals were used, 
so t h a t ,  a l tho ugh  s t i l l  s h o r t  o f  th e  s t a t i s t i c a l  i d e a l ,  more 
meaningfu l  compar isons cou ld  be made (Tab le  5 * 3 * ) ,
As in the  p re v io u s  e x p e r im e n t ,  the  in fe s te d  p igs  had 
lower serum a lbum in  va lues  than d id  the  n o n -p a ra s i t i z e d  
a n im a ls .  C o n tro l  p ig  No. 1748 had an e x c e p t io n a l ly  h igh
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read in g .  T h is  animal  developed a m i ld  d ia r rh o e a  o f  unknown
( n o n - p a r a s i t i c )  o r i g i n  d u r i n g  the  exper im en ta l  p e r i o d ,  and
t h i s  r e s u l t e d  in a marked s h o r te n in g  o f  the  plasma h a l f -
l i f e  and a s u b s t a n t i a l  in c rease  in the  faeca l  o u tp u t  o f  
1 31 l-PVP. No such d i f f e r e n c e s  were revea led  when the  
co r re sp o n d ing  f i g u r e s  f o r  the  n o n - d la r r h o e i c  c o n t r o l s  
and the p a r a s i t i z e d  an ima ls  were c o n t r a s te d .  No loosen­
ing o f  the  faeces was observed in the  l a t t e r  group.
5 . 2 . 4 .  Exper iment  5 . 4 .
The numbers o f  a d u l t  H y o s t ro n g y 1 us recovered f rom 
the  mucosal s u r f a c e  o f  the  stomachs were 442,  278 and 
353 r e s p e c t i v e l y ,  i . e .  18, 12 and 22% o f  the  numbers o f  
la rva e  t h a t  were a d m in i s te re d  (T a b le  5 . 4 . ) .  No s ig n  o f  
d ia r rh o e a  was seen In any animal d u r i n g  the course  o f  
t h i s  exper im en t .
A l t hou gh  t h e r e  were v a r i a t i o n s  from p ig  to  p ig ,  the  
r e s u l t s  show t h a t  a s l i g h t l y  g r e a t e r  amount o f  r a d i o ­
a c t i v i t y  was passed in the  faeces o f  the  p a r a s i t i z e d  
an imals  than in t h a t  o f  th e  c o n t r o l s .  The a c c u m u la t i v e
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'p lasma c le a ra n c e '  over  a s i x  day p e r iod  was 80.0 ml . per  
p ig  f o r  the  c o n t r o l s ,  and 114.7 ml .  per p ig  f o r  these 
c a r r y i n g  H. r u b id u s . T h is  r e p re s e n ts  an inc rease  o f  43%. 
The same r e s u l t s  expressed as the  percen tage  o f  th e  t q t a l  
i n j e c te d  dose exc re te d  In the  faeces a re :  w o rm - f ree ,  
0 . 999%; i n f e c t e d ,  1.153%; in c rease ,  15-4%. Only one p ig  
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Fig 5.1 The rate of disappearance of radio-activity from the plasma of 
Pig 1233 and the Matthews method of curve analysis 
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Fig 5.3 The albumin : globulin ratio of four pigs infected with 30,000 Oesophagostomum










Fig 5.4 Serum albumin values of four pigs infected with 30,000 Oesophagostomum
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Fig 5.5 Serum globulin values of four pigs infected with 30,000 Oesophagostomum
larvae on 12th February.
Table  5 .1 .  -  Exper iment  5 .2 .  (a lbumin  tu r n o v e r  in p igs 
i n f e c t e d  w i t h  Oesophagostomum) .
Body w e ig h ts  o f  e xpe r im en ta l  p igs  a t  t im e  o f  
i n j e c t i o n  o f  the  ^^^1 l a b e l l e d  a lbumin  
and a t  t h e  end o f  the  subsequent  
p e r io d  o f  o b s e r v a t i o n
Phase Pig No. I n i t i a l  Wt. 1 b s .







1 1234 (1) 32 42 10 21
1233 (C) 3 5 i 50 14&
2 1237 (1) 80 92 12 20
1235 (C) 87 104 17
3 1238 (1) 111 150 39 22
1236 (C) 118 148 30.
I = i n f e c te d  
C = c o n t r o l
Table 5.2. -  Experiment 5.2 . (albumin turnover in pigs 
infected with Oesophagostoinum) .
Synopsis of  results
Phase 1 Phase 2 Phase 3
Pig No. 1234 1233 1237 1235 1238 1236
Age of Infection (days) 0 - 1 6 control 1 7 - 3 5 control 36 -  55 control
Number of worms recovered 
at post-mortem - - 3.900 0 9,700 0
Serum albumin (gm./lOO ml.) 2.80 3.11 2,10 2.78 2.44 2.70
Plasma volume (m l . /k g . ) 56 56 47 43 79 73
1ntravascular albumin 
pool (gm./kg.) 2.09 1.75 0.99 1.19 2.93 2.85
Extravascular albumin 
pool (gm./kg.) 0.52 1.75 1.37 1.79 1.03 1.75
Fractional catabolic 
rate (Campbell) 0.13 0.09 0.19 0,21 0.07 0.10
Fractional catabolic 
rate (Matthevs) 0.09 0.12 0.17 0.16 0.08 0.09
Absolute degradation of  
albumin (gm./kg./day) 0.16 0.16 0.19 0.21 0.19 0.26
Apparent plasma 
hai f -  1 I fe (hr. ) 240 262 224 240 244 270
T a b l e  5 . 3 .  -  E x p e r i m e n t  5 3 -  ( t h e  f a t e  o f  
^3 1 l - p o l y y i n y l p y r r o l i d o n e  i n  p i g s  
i n f e c t e d  w i t h  O e s o p h a g o s t om u m ) . 
S y n o p s i s  o f  r e s u l t s
P i g  No . 1 75 2 1751 1753 1 7 4 9 1 7 4 8
S t a t u s i n f e c t e d c o n t r o l
d f a r r h o e  i c  
c o n t r o l
Number  o f  worms r e c o v e r e d  
a t  a u t o p s y 2 , 9 0 0 1 0 , 8 0 0
0 0 0
T o t a l  s e r um  p r o t e i n  
c o n c e n t r a t i o n  ( g m . / l O O  m l . ) 6 . 4 6 5 . 7 0 6 . 6 0 5 . 5 2 5 . 9 8
Se r u m g l o b u l i n  ( g m . / l O O  m l . ) 2 . 7 3 3 . 2 8 3 . 5 8 3 . 0 9 3 . 4 0
S e r u m a l b u m i n  ( g m . / l O O  m l . ) 2 . 5 8 2 . 4 3 3 . 0 2 2 . 4 2 3 . 7 3
A p p a r e n t  p l as m a  h a l f -  
l i f e  ( h r . ) 45 4 0 40 4 8 33
C u m u l a t i v e  ( 1 2  d a y )  f a e c a l  
o u t p u t  a s  % i n j e c t e d  d o s e 2 . 8 8
4 . 6 2 3 . 0 2 2 . 7 3 1 1 . 21
Mean d a i l y  f a e c a l  ' p l a s m a  
c l e a r a n c e ' ( m l . ) 3 1 . 3
5 8 . 6 6 6 . 3 2 5 . 3 2 7 0 . 9
T a b l e  5 . 4 .  -  E x p e r i m e n t  5 . 4 .  ( t h e  f a t e  o f  
l - p o l y v i n y l p y r r o l  i do n e  in p i g s  
i n f e c t e d  w i t h  H.  r u b i d u s ) . 
S y n o p s i s  o f  r e s u l t s
Pig No. 1871 1869 1870 1865 1872
Status contro l in fec ted
Number o f  worms recovered  
at  autopsy 0 0
4 4 2 2 7 8 3 5 3
Tota l serum pro te in  
co ncentra t ion  (gm./lOO m l . ) 6 . 0 0 5 .6 6 6 - 5 1 6 . 3 5 6 . 3 9
Serum g lo b u l in  (gm./lOO m l . ) 3 . 5 0 2 . 3 6 3 . 3 6 3 . 8 0 4 . 2 7
Serum albumin (gm./lOO m l . ) 2 . 5 0 2 . 3 0 3 . 1 5 2 . 5 5 2 . 1 2
Apparent plasma h a l f -  
1 i f e  (h r .  ) 70 56 77 39 60
Cumulative (6  day) faecal  
output as % in jec ted  dose 0 . 9 9 6 1 . 0 0 1 1 . 2 8 3 1 . 12 1 1 . 0 8 4
Mean d a i l y  faecal 'plasma 
c learance '  (m l . ) 1 1 . 3 1 5 . 4 1 8 . 7 18.  1 1 4 , 2
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DISCUSSION
5 . 3 . 1. Methods Used
The in f o r m a t i o n  t h a t  can be gained by the d i r e c t  measure­
ment o f  serum a lbumin  c o n c e n t r a t i o n s  is l i m i t e d  because the  
l i v e r  is capab le  o f  s y n th e s i z i n g  p r o te i n s  in g r e a t e r  
q u a n t i t i e s  than usual shou ld  abn o rm a l ly  l a rg e  losses d r a in  
the p h y s i o l o g i c a l  poo ls .  Thus,  w h i l s t  hypo-albuminaemia 
s i g n i f i e s  a d e f i n i t e  d y s f u n c t i o n ,  a normal serum albumin  
va lu e  does not  n e c e s s a r i l y  denote  p h y s i o l o g i c a l  n o r m a l i t y .
A s i m i l a r  r e s u l t  would be o b ta in e d  I f  a s m a l le r  p r o t e i n  
loss was be ing  compensated by a c c e le r a te d  anabol ism.
I f  an o c c u l t  p r o t e i n  loss  is  suspected ,  one means o f  
d e t e c t i o n  is  the  measurement o f  the  ra te  a t  which these  
substances a re  be ing  m e tab o l i s e d .  As f a r  as serum 
p r o te in s  are  concerned,  c a ta b o l i s m  is e a s ie r  to  q u a n t i f y  
than anabo l ism and Exper iment  5 % .  -  5 .4  were p lanned 
a c c o r d in g l y .  I t  is o b v i o u s l y  more a t t r a c t i v e  to s tudy  the  
t u r n o v e r  o f  the  subs tance under o b s e r v a t i o n  (e .g .  a lb um in )  
than t o  u t i l i z e  an i n d i r e c t  method ( e .g .  the  i n j e c t i o n  o f  
PVP) which n e c e s s a r i l y  i n vo lve s  i n t e r p r e t a t i o n  by ana logy .
In t h i s  p a r t i c u l a r  i n s ta n c e ,  however,  each approach to
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the  problem has i n h e re n t  d i f f i c u l t i e s ,  and so both  
techn iques  were a p p l i e d  in an a t te m p t  to  com p i le  a 
comprehensive p i c t u r e .
One method o f  measur ing the  c a t a b o l i c  r a t e  o f  a 
plasma p r o t e i n  d i r e c t l y  is to  i n j e c t  a known amount in t o  
an expe r im en ta l  animal  and then to  f o l l o w  the  subsequent  
d i s t r i b u t i o n  th roug hou t  t h e  body and observe I t s  u l t i m a t e  
f a t e .  In o r d e r  to  do t h i s  one must be a b le  t o  I d e n t i f y  
the  i n j e c t e d  m a t e r i a l ,  so t h a t  i t  must d i f f e r  f rom the  
n a tu ra l  substance to  some e x te n t .  On the  o th e r  hand, 
the  inoculum and the  o r i g i n a l  must be s u f f i c i e n t l y  
s i m i l a r  to  behave i d e n t i c a l l y  w i t h i n  the  body. P ro v id in g  
t h a t  c e r t a i n  c o n d i t i o n s  a re  observed ,  l a b e l l i n g  w i t h  
r a d io - i s o to p e s  p rov ides  a s im p le  and con ve n ie n t  method 
o f  f u l f i l l i n g  these  demands. Several  iso topes  may be 
used in t h i s  manner. One o f  these  is  ^^Cr as used by 
Bremner (1968 ) ,  but  i t  seems t h a t  p r o t e i n  t r e a t e d  in t h i s  
way i n v a r i a b l y  undergoes a degree o f  d é n a tu r a t i o n  so t h a t  
the  plasma h a l f - l i v e s  o f  such p re p a r a t i o n s  a re  m is l e a d in g l y  
s h o r t .  One member o f  the  serum p r o t e i n  complex.
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c e r u lo p la s m in ,  has a copper atom in the  mo lecu le  and t h i s  
can be rep laced  by ^^Cu , T h is  appears to  be a success fu l  
p r e p a r a t i o n  f o r  s t u d ie s  o f  t h i s  n a tu r e ,  bu t  s o p h i s t i c a t e d  
procedures a re  re q u i r e d  f o r  the  i s o l a t i o n  o f  the  paren t  
compound ( N i e l s e n ,  1967).  In c o n t r a s t ,  a lbumin  can be 
prepared in l a r g e  q u a n t i t i e s  by r e l a t i v e l y  s im p le  
te ch n iq ues ,  and l a b e l l e d  by p l a c i n g  a r a d i o - i o d i n e  atom 
in one t y r o s i n e  group o f  th e  m o le cu le .  Care must be 
taken t h a t  a u t o - i r r a d i a t i o n  does no t  dena tu re  the  
p r o t e i n .  T h is  is achieved by e n s u r in g  t h a t  the  mean 
r a t i o  o f  r a d i o - i o d i n e  to  a lbumin  Is ^  -  1 a tom /m o lecu le ,  
and t h a t  a f t e r  l a b e l l i n g  i n e r t  a lbumin  is  added to  reduce 
the  s p e c i f i c  a c t i v i t y  o f  the  s o l u t i o n  to  below 5 M-c/mg.
I f  these  p re c a u t io n s  a re  taken ,  the  b i o l o g i c a l  p r o p e r t i e s  
o f  the  r e s u l t i n g  p rodu c t  c lo s e l y  resemble those o f  n a t i v e  
a lbum in .  Niob ium (^^Nb) a ls o  g ives  good r e s u l t s  bu t  Is 
expens ive  ( D a rg le ,  Holmes, McClean and M u l l i g a n ,  1968).
P ro te in  metabo l i sm is a f u n c t i o n  o f  the  i n t r a -  
v a s c u l a r ,  r a t h e r  than the  e x t r a - v a s c u l a r  body p oo l ,  
though a l a rg e  p a r t  o f  the  ca tabo l  ic  process takes
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p lace  w i t h i n  the  g a s t r o - i n t e s t i n a l  t r a c t .  In dogs,  9% o f
the  t o t a l  m e ta b o l i c  c le a ra n c e  occurs  in the  stomach,  40%
in the  smal l  i n t e s t i n e  and 4% in the  co lon  ( G le n e r t ,
Jarnum and Riemer, 1964).  Comparable f i g u r e s  a re  not
a v a i l a b l e  f o r  the  stomach and co lon  o f  the  p ig ,  bu t  DIch
and N ie lse n  (1964) g i v e  a f i g u r e  o f  10-30% f o r  the  small
i n t e s t i n e .  Albumin and o th e r  plasma p r o te i n s  pass f rom
the  i n t r a - v a s c u l a r  pool i n t o  the  lumen o f  the  d i g e s t i v e
t r a c t .  There,  they  a re  broken down by enzymat ic  a c t i o n
in to  the  c o n s t i t u e n t  am in o-ac ids  which a re  reabsorbed,
taken to  the  l i v e r  and re s y n th e s iz e d .  The mechanism by
wh ich the  t r a n s f e r  f rom plasma to  lumen takes p la ce  is  not
y e t  f u l l y  unders tood .  The p r o t e i n  mo lecu les  may be
t r a n s p o r t e d  in the  e p i t h e l i a l  c e l l s  wh ich  a re  c o n t i n u a l l y
be ing  s loughed o f f ,  o r  by m ig r a t i o n  o f  macromolecules
through the  mucosa. However t h i s  happens,  d e g ra d a t io n
re leases  the r a d i o - i o d i n e  labe l  wh ich  is  not  u t i l i z e d  by
the  body in any way p rov ided  t h a t  the  t h y r o i d  has been
127s a tu ra te d  beforehand w i t h  I .  A small  q u a n t i t y  is 
in co rp o ra te d  i n t o  the  substance o f  b a c t e r i a  and o t h e r
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m ic ro -o rgan ism s  which  e x p la in s  the  s l i g h t  r a d i o - a c t i v i t y  
o f  the  faeces o f  these  expe r im en ta l  an ima ls .  Most o f  the  
labe l  is  reabsorbed and soon e xc re te d  In the  u r i n e .  Thus,  
the s tudy  o f  a lbumin  tu r n o v e r  r a te s  by t h i s  method g ives  
no d i r e c t  ev idence  c o nce rn in g  the  passage o f  a lbumin  i n to  
the  g a s t r o - i n t e s t i n a l  t r a c t ,  s in c e  some c a ta b o l i s m  may 
take  p lace  a t  o t h e r  s i t e s  and c o n t r i b u t e  to  the  u r i n e  
a c t i v i t y .
To overcome t h i s  d i f f i c u l t y  in i n t e r p r e t a t i o n ,  the  
PVP t e s t  was in t ro du ce d .  P o l y v i n y l  p y r r o l  idone is an 
i n e r t  s y n t h e t i c  polymer w i t h  a m o le c u la r  w e igh t  v a r y in g  
from 20 ,000-75)000 ( c f .  a lb um in ,  69 ,000 ) .  I t  is not  
broken down by the  d i g e s t i v e  processes o f  the  g a s t r o ­
i n t e s t i n a l  t r a c t  and is  no t  reabsorbed to  any s i g n i f i c a n t  
degree.  I t  can be l a b e l l e d  w i t h  r a d i o - i o d i n e  to  form a 
s t a b le  complex.  T h is  substance does not  resemble a lbumin  
e i t h e r  c h e m ic a l l y  o r  b i o l o g i c a l l y ,  bu t  when i n j e c t e d  in t o  
the b lo o d -s t re a m  i t  w i l l  pass I n to  the  i n t e s t i n e  a t  a 
ra te  a p p ro x im a te ly  p r o p o r t i o n a l  to  t h a t  o f  the  plasma 
a lbumin .  The amount o f  r a d i o - a c t i v i t y  appear ing  in the
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faeces per u n i t  t ime is t h e r e f o r e  p r o p o r t i o n a l  to  t h e  amount 
o f  p r o t e i n  t h a t  has passed in to  the  i n t e s t i n a l  lumen w h i l s t  
the  excrement was be ing  formed. No in f o r m a t i o n  re g a rd in g  
pool s i z e s  o r  c a t a b o l i c  ra te s  in a b s o lu te  terms can be 
o b ta in e d  by t h i s  techn iq ue .
5 . 3 . 2 . P ro te in  Los ing G a s t r o -e n te r o p a th y  and D ia r rhoe a
N ie ls e n  (1967) has put  fo rwa rd  the  h yp o th e s is  t h a t  the  
h y pe rc a tab o l i s m  o f  plasma p r o t e i n s  in c e r t a i n  d iseases  o f  
domest ic  a n im a ls ,  i n c l u d i n g  p a r a s i t i c  g a s t r o - e n t e r i t i s , is 
a f u n c t i o n  o f  the  ' c l i n i c a l  p i c t u r e  o f  the  d is e a s e '  r a t h e r  
than the  ' pathoanatomlea 1 n a tu re  o f  the  l e s i o n s ' .  In o th e r  
words,  the  e xcess ive  d e g ra d a t io n  r a t e  is  caused by the  non­
s p e c i f i c  symptom d ia r rh o e a  r a t h e r  than the  a c c e le r a te d  l e a k ­
age o f  macromolecules th rough the  p r im a ry  I n t e s t i n a l  l e s i o n .
The ev idence  f o r  t h i s  b e l i e f  is  d e r i v e d  f rom a s e r i e s  
o f  compara t ive  s t u d ie s  ( N i e l s e n ,  1966b* N ie ls e n  and Nansen, 
1967) .  Albumin o r  gamma-g lobu l ln  t u r n o v e rs  were measured 
in c a t t l e  s u f f e r i n g  f rom c l i n i c a l  o s t e r t a g i a s i s  d u r i n g  
d i a r r h o e i c  and n o n - d ia r r h o e I c  phases o f  the  d isease .  The
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r e s u l t s  a re  in t u r n  c o n t r a s te d  w i t h  a s i m i l a r  da ta  d e r i v e d  
f rom sows n a t u r a l l y  i n f e s te d  w i t h  massive numbers o f  
H. rub idus  and growing p igs  w i t h  t e rm in a l  i l e i t i s  
( N ie l s e n ,  1966a). More r e c e n t l y ,  p igs  w i t h  c h r o n i c  
e n t e r o c o l i t i s  have been i n v e s t i g a t e d  d u r in g  p e r iods  o f  
o v e r t  d ise ase  and d u r in g  p e r iod s  o f  rem is s ion  (Nansen 
and N ie l s e n ,  1967)• In a l l  cases ,  h y p e rca ta b o l i sm  was 
a s s o c ia te d  w i t h  d i a r r h o e a ,  w h i l s t  an imals w i t h  s i m i l a r  
p a th o l o g i c a l  l e s io n s  bu t  no t  showing loosen in g  o f  the  
faeces were normal in t h i s  r e sp ec t  o r  even h y p o c a ta b o l i c .
These c l i n i c a l  o b s e r v a t i o n s  a re  supported by an 
exper imen t  in wh ich  the  passage o f  l a b e l l e d  a lbumin  and 
gamma-globul in In to  i s o l a t e d  r e - e n t r a n t  i n t e s t i n a l  loops 
were measured in normal c a lve s  (N ie l s e n  and D ich ,  1965). 
The m e ta b o l i c  c le a ra n c e  was increased when i n t e s t i n a l  
inges ta  o r  magnesium s u lp h a te  s o l u t i o n  were pass ing  
through the  loop.
N ie ls e n  and Anderson (1967) and Nansen and N ie lse n
( 1967) a s s o c i a te  a s p e c i f i c  l e s i o n  in the  small  i n t e s t i n e
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( l y m p h a n g ie c ta s ia )  w i t h  p r o t e i n  h yp e rc a ta b o l i s m ,  a l t ho u gh  
the  two a re  no t  i n e v i t a b l y  found to g e th e r  ( N i e l s e n ,  1967)* 
Such m orpho log ica l  changes a re  ve ry  common In d iseases  o f  
the d i g e s t i v e  system and as w e l l  as be ing found in bov ine  
o s t e r t a g i a s i s  a re  p resen t  in c e r t a i n  human c o n d i t i o n s  In 
wh ich  p r o t e i n  loss  is an o u t s t a n d in g  f e a t u r e  (Waldmann, 
S t e i n f e l d ,  Du tche r ,  Davidson and Gordon, I 9 6 I ) .  N ie ls e n  
and h is  co -w orke rs  b e l i e v e  t h a t  the  p r o t e i n  lo ss  is  not  
c o n f in e d  to  the  organ damaged by the  a e t l o l o g i c a l  agen t ,  
but  t h a t  I t  occurs  u n i v e r s a l l y  a long  the  gut  and 
p a r t i c u l a r l y  f rom the  smal l  i n t e s t i n e .  T h is  v iew  is 
shared by Ross and Todd (19&5)*
Opposed to  t h i s  v iew a re  C o r n e l i u s ,  Baker,  Keneko and 
Douglas (1962) who were unab le  to  show any Increased 
c a ta b o l i s m  in c a lve s  w i t h  heavy mixed t r  I c h o s t ro n g y 1 id 
i n f e c t i o n s  u n t i l  j u s t  b e fo re  dea th ,  but  t h e i r  techn iq ues  
have been c r i t i c i z e d  by H a l l l d a y ,  M u l l i g a n  and D a l t o n ,
(1968).  In a d d i t i o n ,  Bremner (1968) found la r g e  p r o t e i n  
losses o c c u r r i n g  in bov ine  oesophagostomias is  whether o r  
no t  the  s u b je c t s  were s c o u r ing .
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There is  ev idence ,  a t  l e a s t  in some c o n d i t i o n s ,  to
suggest  t h a t  th e re  is an increased passage o f  macromolecules
through the e p i t h e l i u m  in the  area o f  p a r a s i t i c  i n va s io n .
Thus,  in bov ine  and o v in e  o s t e r t a g i a s i s  (Anderson,  Armour,
J a r r e t t ,  Jenn ings ,  R i t c h i e  and U rq u ha r t ,  1965; Armour,
J a r r e t t  and Jenn ings ,  1966) and in p o rc in e  h y o s t r o n g y l o s i s
(Dav idson,  Murray and S u th e r la n d ,  1967), plasma pepsinogen
l e v e l s  a re  g r o s s l y  e le v a te d .  T h is  is p robab ly  the  r e s u l t
o f  increased p e r m e a b i l i t y ,  wh ich  would no t  o n l y  a l l o w
p r o t e i n  mo lecu les  t o  le ak  th rough  in to  the  lumen, bu t  a l s o
enable  pepsinogen to  pass in the  o p p o s i t e  d i r e c t i o n .
Murray and J a r r e t t  ( c i t .  Jenn ings ,  Armour, K i r k p a t r i c k  and
Murray ,  1967) have shown by means o f  a s e r i e s  o f  e l e c t r o n
pho tomic rographs  t h a t  the  j u n c t i o n a l  complexes between many
e p i t h e l i a l  c e l l s  in these  reg ions  were broken down and t h a t
macromolecules do pass between the  c e l l s .  M u l l i g a n ,  Da l ton
and Anderson (1963) have demonst ra ted  increased p e r m e a b i l i t y  
1 31to  I-PVP in bov ine  o s t e r t a g i a s i s  . The e xce ss ive  p r o t e i n  
passed i n t o  the  lumen in t h i s  way wou ld ,  however,  be 
broken down i n t o  the  c o n s t i t u e n t  a m in o-ac ids  and reabsorbed
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lower down the  d i g e s t i v e  t r a c t  un less  secondary changes 
j such as d ia r rh o e a  h indered  t h i s .  I t  seems l i k e l y ,  t h e r e -
i
f o r e ,  t h a t  both increased p e r m e a b i l i t y  and d ia r rh o e a  p la y
I
a p a r t  in many p r o t e i n  l o s i n g  g a s t r o - e n t e r o p a t h i e s .
I
i 5 . 3 . 3 . Albumin Metabo l ism in Porc ine  Oesophaqostomiasis
I These s tu d ie s  were per formed w i t h  smal l  numbers o f
I p igs  and shou ld be repea ted on a l a r g e r  s c a le  to  c o n f i r m
and expand the  r e s u l t s  o b ta in e d .  However, s u f f i c i e n t  data  
/  have been c o l l e c t e d  to  enab le  one c o n c lu s io n  to  be advanced
w i t h  c o n f id e nc e .  That  i s ,  t h a t  any decreased p r o d u c t i v i t y  
j  in Oesophagostomum- i n f e s t e d  f a t t e n i n g  p igs  is u n l i k e l y  to
have been caused by a ' p r o t e i n  le a k '  o f  the  t ype  demonstra ­
ted  in bov ine  oesophagos tomias is .
The i n f o r m a t i o n  p resented in Chapter  1 o f  t h i s  t h e s i s  
I g ives  a good e s t im a te  o f  the  p a r a s i t i c  s t a t u s  o f  t h r e e  age
' groups w i t h i n  the  S c o t t i s h  p ig  p o p u la t i o n .  Inc luded in
I the  a b a t t o i r  su rvey were porkers  ( f o u r  to  f i v e  months o l d )
j and baconers ( s i x  to  e i g h t  months o l d ) .  The maximum
I number o f  oesophagostomes found In the  fo rmer group was
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1,129 (average :  138),  w h i l s t  o n l y  two baconers harboured 
more than 1,000 (average :  243 ).  The p igs used in 
Exper iment  5 .1 -  were s la u g h te r e d  a t  bacon w e ig h t ,  and 
those in Exper iments 5 .2 .  and 5*3* a t  r a t h e r  less  than 
po rke r  w e ig h t .  By compar ing the  worm burdens o f  the  
n a t u r a l l y  and e x p e r im e n t a l l y  i n f e c te d  h os ts ,  i t  can be 
seen t h a t  the  induced i n f e c t i o n s  were more severe  than 
those commonly found in p r a c t i c e .  T h is  was con f i rm ed  In 
Exper iment  5-1 .  <n wh ich  the  a d m i n i s t r a t i o n  o f  30,000 
la rv a e  produced a lo osen in g  o f  the  faeces.  Oesophagostomum 
is not  cons ide red  to be a d i r e c t  cause o f  d ia r rh o e a  in 
the  f i e l d .
In s p i t e  o f  the  s i z e  o f  the  a r t i f i c i a l  i n f e c t i o n s ,  
the  e f f e c t  on the  a lbumin  t u r n o v e r  as compared w i t h  worm- 
f r e e  c o n t r o l s  was m in im a l .  An apparen t  dep ress io n  o f  serum 
albumin  va lues  oc c u r re d  In o n l y  two o f  the  fo u r  p igs  r e c e i v ­
ing  the  h ig h e s t  l a r v a l  dose l e v e l ,  and i t  is  i n t e r e s t i n g  to  
note t h a t  the  most pronounced e f f e c t  was seen in the  p ig  
w i t h  p r o t r a c t e d  d ia r r h o e a .  Each i n f e c te d  p ig  in E x p e r i ­
ments 5 .2 ,  and 5 .4 .  had a lower serum albumin c o n c e n t ra -
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t  ion than ; the, ’Con t ro l  -an irhal s ; bü t  ^ thé s t a t i  s t  ic a l  ' '
s i g n i f i c a n c e  o f  t h i s  o b s e r v a t i o n  fs  in doub t .  The r a t e  
o f  al.bumin c a ta b o l i s m  and : the  ;quant i t  ies 'o f  PVP’é h t e f - ' '  ' 
ing  the  g a s t r o - i n t e s t i n a l  t r a c t  were s i m i l a r  in the  
i n f e s te d  and .worm -f ree  ?s.ubjects . 1 f  the  paras i t  ized p igs
w e r e , i n  f a c t ,  hypoalbuminaemic,  a ' p r o t e i n '  l e a k '  i n t o  
the  d i g e s t i  ve t r a c t  was not  respons ib le . '  ■
Why Is i t  t h a t  i n f e c t i o n s  o f  10 ,000-30,000 la r v a e  
have such a smal l  i n f l u e n c e  on a lbumin  metabo l ism in the  
p ig  when 2,000 Oe. columbianum o r  10,000 Oe. rad ia tum 
produce s p e c ta c u l a r  responses in t h e i r  r e s p e c t i v e  hosts? 
Bremner (1968) s t a t e s  t h a t  the  apparen t  plasma h a l f - l i v e s  
o f  h i s  i n f e c te d  c a lve s  were in the  o rd e r  o f  t h r e e  days as 
compared w i t h  seven days in h is  w o rm - f ree  c o n t r o l  à. 
N ie lse n  (1967) reco rds  a ; ran ge  o f  between T6.5 and 28.0 
days f o r  the  apparen t  ..pi asma h a l f - 1  i ves o f  h i s' normal ' 
c a t t l e ,  The l a r g e  d isc re pa n cy  betWeen th e  a u th o rs  can be 
accounted f o r  by the  d i f  f e r e n t  techn iques u s e d c h f o n i  i urn 
labe l  1ed p ro te In s  hav ing a s h o r t e r  h a l f - I  i f e  than those  
tagged w i t h  r a d i o - r o d i ne ( v id e  s u p r a ) . Nb t r a c e r  work
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has been a t tempted  in sheep c a r r y i n g  Oe. columbianum, 
bu t  Dobson (1967) has demonstra ted a s teady f a l l  in 
the  serum a lbumin  c o n c e n t r a t i o n s  o f  In fe c ted  sheep 
re ach in g  minimal  va lues  a p p ro x im a te l y  25-30% beloW 
those o f  the  c o n t r o l s  a f t e r  the  t h i r d  week.
Oesophagostome i n f e c t i o n s  in p igs  d i f f e r  f rom 
those in ruminants  in severa l  r e s p e c ts ,  the  o u t s t a n d ­
ing d i f f e r e n c e  be ing  t h a t  one o f  the main c l i n i c a l  
s igns  o f  heavy Oe. columbianum o r  Oe. rad ia tum  i n f e c ­
t i o n s  is  s c o u r in g .  Bea r ing  in mind N i e l s e n ' s  h y p o th e s is  
( v id e  s u p r a ) ,  i t  would seem t h a t  t h i s  would p ro v id e  an 
adequate e x p la n a t i o n  f o r  the  q u e s t io n  posed above. The 
increased p e r m e a b i l i t y  o f  the  g a s t r o - i n t e s t i n a l  t r a c t  o f  
the d i a r r h o e i c  c o n t r o l  p ig  in Exper iment  5 3 -  adds 
w e ig h t  to  t h i s  argument.  B remner 's  i n f e c t i n g  dose,  
however,  d id  no t  i n v a r ia b l y  p r e c i p i t a t e  f r a n k  d i a r r h o e a ,  
and y e t  he was unab le  to  show any d i f f e r e n c e s  In the  
ra tes  o f  p r o t e i n  loss  between c a lv e s  showing c l i n i c a l  
symptoms and those  t h a t  were not  s c o u r in g .
2 7 4
The p a r a s i t i c  l î f e - c y c l e s  o f  the  spec ies  o f  p o rc in e  
and' ruminant  oesophagostomes under d is c u s s io n  are  not  
i d e n t i c a l .  in the  p ig ,  the  h i s t o t r o p i c  l a rv a e  s t i m u l a t e  
the  p ro d u c t io n  o f  small  nodu les ,  less  than f i v e  m i l l i ­
metres in d ia m e te r  ( v id e  § 0 . 8 ) ,  t h a t  p ro t r u d e  in towards 
the  lumen o f  the  caecum and co lo n .  The o t h e r s ,  how­
e ve r ,  cause much l a r g e r  l e s io n s  t h a t  o f t e n  become 
caseated and a re  f r e q u e n t l y  seen on th e  p e r i t o n e a l  
s u r fa c e  o f  the  i n t e s t i n e  (Chapte r  6 ) .  A p r o p o r t i o n  o f  
the  l a r v a e  p e n e t r a te  the  w a l l  o f  the  ruminant  d i g e s t i v e  
t r a c t  and proceed on an a b o r t i v e  m ig r a t i o n  i n t o  v a r io u s  
t i s s u e s  o f  the  body. But  perhaps the  most s i g n i f i c a n t  
p o i n t  is t h a t  Oe. columbianum and Oe. rad ia tum  la r v a e  
invade the  mucosae o f  the  smal l  i n t e s t i n e  as w e l l  as t h a t  
o f  the  l a rg e  bowel .  I n fo rm a t io n  based on can ine  s t u d ie s  
has shown t h a t  less  than 5% o f  p r o t e i n  c a ta b o l i s m  takes 
p lace  in the co lo n  ( v id e  s u p r a ) and t h e r e f o r e  increased 
p e r m e a b i l i t y  to macromolecules in t h i s  reg ion  a lone  is 
no t  l i k e l y  to  have a pronounced e f f e c t  on the  o v e r a l l  
c a t a b o l i c  r a te .  The l a rg e  le s io n s  formed in the  w a l l  o f
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the  smal l  i n t e s t i n e ,  where 40% o f  the  d a i l y  d e g ra d a t io n  
o c c u r s ,  may very  w e l l  account  f o r  the  r e l a t i v e l y  l a rg e  
p r o t e i n  lo sse s .  The apparen t  n o r m a l i t y  o f  a lbumin  
metabolism in the  p ig  and the  p ro fu s e  p r o te i n  losses In 
rum inan ts  may perhaps be e x p la in e d  in these  terms.
5 . 3 . 4 . Albumin Metabo l i sm in P o rc in e  H y o s t ro n g y lo s i s
H yo s t ro ng y1 o s i s  o f  the  p ig  is  analogous to O s t e r t a g ia  
i n f e c t i o n s  o f  ruminants  in many ways. The h i s t o l o g y  o f  
the  l e s io n s  Is p r a c t i c a l l y  i d e n t i c a l ,  bu t  whereas 
d ia r r h o e a  is a f e a t u r e  o f  c l  i n i c a l  o s t e r t a g i a s i s ,  t h i s  
symptom is no t  seen even in the  most s e v e r e ly  a f f e c t e d  
p ig s .  The r e l a t i o n s h i p  between 0. o s t e r t a g !  and p r o t e i n  
l o s i n g  g a s t r o - e n te r o p a t h y  has been d iscussed  e a r l i e r .
I f  t he  f i n d i n g s  o f  Murray and J a r r e t t  c i t e d  above are  
c o r r e c t ,  the  p e r m e a b i l i t y  o f  the  p i g ' s  stomach to  PVP 
w i l l  be increased a f t e r  i n f e c t i o n  w i t h  H. r u b i d u s . 
Converse ly ,  i f  such changes do take  p la ce ,  N i e l s e n ' s  
hypo thes is  would not  be v a l i d  f o r  the  p ig .
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The r e s u l t s  o f  the  p resen t  s tudy  suggest  t h a t  there  is 
a leakage o f  macromolecules,  bu t  do no t  prove t h i s  
c o n c l u s i v e l y .  The exper iment  shou ld  be repeated on a l a r g e r  
s c a le  w i t h  p igs  us ing  a l a r g e r  i n f e c t i n g  dose.
U n f o r t u n a t e l y ,  H yos t ro nqy lus  is an e x c e p t i o n a l l y  
d i f f i c u l t  nematode to  c u l t u r e  because o f  i t s  low f e c u n d i t y ,  
and the  number o f  l a r v a e  made a v a i l a b l e  f o r  t h i s  e x p e r i ­
ment f e l l  c o n s i d e r a b l y  s h o r t  o f  the  i d e a l .  The p a r a s i t i c  
s t a t u s  o f  the  expe r im en ta l  an ima ls  bears l i t t l e  r e l a t i o n ­
s h i p  to  f i e l d  c o n d i t i o n s  as t h i s  worm was never seen in 
p ig s  o f  t h i s  age g r o u p .d u r i n g  the  course o f  the  s l a u g h t e r ­
house su rvey  (Chapter  1 ) ,  In B r i t a i n ,  H. rub idus  is 
p r i m a r i l y  a p a r a s i t e  o f  the  b reed ing  s t o c k ,  be ing  harboured 
by 5 0 . 7% o f  a d u l t  p ig s .  In many cases,  the  worm burdens 
are  c o n s id e r a b l y  in excess o f  those  recorded in t h e  p resen t  
s tud y .
C h a p t e r  6
THE PARASITOLOGY OF OESOPHAGOSTOMUM INFECTIONS 
IN AN ABNORMAL HOST, THE GUINEA-PIG
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INTRODUCTION
The s tudy  o f  d ise ase  in farm an imals  is handicapped 
by the  d i f f i c u l t i e s  o f  p e r fo rm in g  l a b o r a t o r y  i n v e s t i g a ­
t i o n s  w i t h  such l a rg e  expe r im en ta l  s u b je c t s .  F i e l d  
t r i a l s  such as those de sc r ib e d  in Chapter 2 and Chapter  
4 may y i e l d  u se fu l  i n f o r m a t i o n ,  but  in genera l  th e re  are  
so many v a r i a b l e s  to  I n f l u e n c e  the  r e s u l t s  t h a t  i n t e r p r e t a ­
t i o n  o f t e n  proves d i f f i c u l t .  The measurement o f  c e r t a i n  
parameters demands a p r e c i s e  knowledge o f  the  ' d i s e a s e  
s t a t u s '  ( i n  the  p resen t  c o n t e x t :  the  s i z e  and n a tu re  o f  
the  p a r a s i t i c  bu rde n ) ,  as w e l l  as the  i n c l u s i o n  o f  a group 
o f  ' d i s e a s e  f r e e '  c o n t r o l s  f o r  com para t ive  purposes.  Such 
c o n d i t i o n s  a re  r a r e l y  a t t a i n a b l e  in the  f i e l d  and la b o r a ­
t o r y  s t u d ie s  become a n e c e s s i t y .  Yet  farm a n im a ls ,  espe­
c i a l l y  i f  ' d i s e a s e  f r e e '  a re  expens ive  to  o b t a i n  and to  
m a in ta in .  Accommodation occup ies  l a rg e  s u r fa c e  areas  and 
re q u i r e s  c a p i t a l  e x p e n d i tu re .  There are  g re a t  advantages ,  
t h e r e f o r e ,  i f  the  d isease  c o n d i t i o n  can be reproduced 
w h o l l y  o r  p a r t l y  in s m a l le r  an imals  such as roden ts  o r  
r a b b i t s .  These a re  the  c o n s i d e r a t i o n s  t h a t ,  t o g e th e r  w i t h  
the  o ccur rence  o f  the  1967/68 epidemic  o f  Foot -and-Mouth  
D isease,  when work w i t h  s u s c e p t i b l e  an imals  proved im-
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p o s s i b l e ,  s t im u la t e d  the  s t u d ie s  d e s c r ibe d  in t h i s  ch a p te r .
The ch o ice  o f  the  expe r im en ta l  hos t  was based on the  
work o f  A l i c a t a  (1934a),  He in f e c te d  a small  number o f  
g u in e a -p ig s  and r a b b i t s  w i t h  p o rc in e  oesophagostomes and 
rep o r te d  l a r v a l  i n va s ion  o f  the  i n t e s t i n a l  mucosa w i t h  
nodule  f o r m a t i o n  and the  appearance o f  l i v e r  l e s i o n s .  He 
a lso  ment ions the  o ccas iona l  recovery  o f  Oesophagostomum 
t h a t  had undergone the  f i r s t  p a r a s i t i c  mou l t  to  become 
f o u r t h  s tage  la rva e .
G u inea-p igs  were,  t h e r e f o r e ,  i n f e c t e d  w i t h  
Oesophagostomum la r v a e  c u l t u r e d  f rom p ig  faeces and o bse rva ­
t i o n s  were made o f  the  subsequent  behav io u r  and development 
o f  the  worms. T h is  i n f o r m a t i o n  cou ld  then be compared w i t h  
pub l i shed  work r e l a t i n g  to  the  c h a r a c t e r i s t i c s  d i s p la y e d  
by t h i s  p a r a s i t e  in i t s  n a tu r a l  hos t  and an assessment 
the reby  made o f  the  s u i t a b i l i t y  o f  the  g u in e a -p ig  as ah 
exper im en ta l  hos t  f o r  p o rc in e  oesophagostomes.
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MATERIALS AND METHODS
6 . 1 . 1 .  Anima ls Used
E igh ty -se ve n  g u in e a -p ig s  we igh ing  between 160 and 
360 g. were s tu d ie d  d u r i n g  the  course  o f  the  expe r im en t .  
The g u in e a -p ig s  o r i g i n a t e d  f rom the  b reed ing  u n i t  o f  the  
Department o f  V e t e r i n a r y  Patho logy o f  the U n i v e r s i t y  o f  
Glasgow, and were g e n e t i c a l l y  h e te ro lo go u s .  They were 
not  s p e c i f i c - p a t h o g e n - f r e e  and were feared in an a n im a l -  
house in which p s e u d o tu b e rc u lo s is  was endemic.
6 . 1 . 2 .  Exper imenta l  Design
The an imals  were randomly a l l o t t e d  to  f o u r  groups 
each r e c e i v i n g  a d i f f e r e n t  t r e a tm e n t  and were k i l l e d  a t  
i n t e r v a l s  f rom the  l 8 t h  hour to  t h e  48th  day a f t e r  in fec-  
t  i o n .
Group
No.
No. o f  
gu i nea-p i gs S ta tus Inoculum rece ived
1 57 Paras i t  i zed 10,000 Oesophagostomum 
la rva e .
2 15 C on t ro l None
3 ' 1 1 Con t ro l F lu id  f rom l a r v a l  sus­
pension .
4 4 Con tro l P a s t u r e l l a  pseudo- 
t u b e rc u lo s  is
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I The inoculum used f o r  the  Group 1 g u in e a -p ig s
! c o n s i s te d  o f  la rv a e  suspended in an aqueoiis medium.
I The Group 3 c o n t r o l s  were inc luded  in o rd e r  t h a t
I p a th o l o g i c a l  changes i n i t i a t e d  by the  worms and those
provoked by the  s u p p o r t i n g  f l u i d  cou ld  be d i f f e r e n t i a -  
! ted .  S i m i l a r l y ,  the  need to  d i s t i n g u i s h  h e p a t i c  l e s io n s
I caused by the  expe r im en ta l  p rocedure  and those  r e s u l t ­
ing f rom the  endemic p se u d o tu b e rc u lo s is  n e c e s s i t a te d  
! the  i n c l u s i o n  o f  the  Group 4 c o n t r o l s .
6 .1 .3 *  P re p a ra t io n  o f  Oesophaqostomum Larvae
T h is  procedure has been d e sc r ibe d  e a r l i e r  (Chapter
i
3).
I 6 . 1 . 4 .  I n f e c t i o n  o f  Gu inea-p igs
i The techn iq ues  a p p l i e d  were s i m i l a r  to  those
! a l r e a d y  o u t l i n e d  f o r  the  a d m i n i s t r a t i o n  o f  i n f e c t i v e
la r v a e  to  l a b o r a t o r y  r a t s  (Chapte r  3 ) .  Each member 
I o f  Group 1 rece ived  a s i n g l e  dose o f  10,000 t h i r d  s tage
i e n s h e a t h e d  O e s o p h a q o s t o m u m  l a r v a e .
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6 . 1 . 5 ,  P re p a ra t io n  o f  Inoculum f o r  Group 3
Samples o f  the  l a r v a l  suspension were s u b je c te d  to  
l i g h t  c e n t r i f u g a t i o n  (1 ,500 r . p .m .  f o r  t h r e e  m in u te s ) ,  
o r  a l lowed  to  stand in a v e r t i c a l l y  held  c e n t r i f u g e  tube 
f o r  a t  l e a s t  two hours .  The s u pe rn a ten t  f l u i d  was drawn 
o f f  and examined under the  s te re o -m ic ro s c o p e  (x  23 
m a g n i f i c a t i o n ) .  No la r v a e  were seen. The Group 3 
g u in e a -p ig s  were each g iven  a p p ro x im a te ly  1.5 ml . o f  
t h i s  l i q u i d  us in g  the  methods recorded in Chapter  3*
6 . 1 . 6 .  I n f e c t i o n  w i t h  P. p s e u d o tu b e rc u lo s is
B ro th  suspension o f  the  b ac te r ium  were k i n d l y
s u p p l ie d  by the  Depar tm en t 's  b a c t e r i o l o g y  l a b o r a t o r y .
Two s t r a i n s  were used:  one t h a t  had been m a in ta ine d  in 
the  l a b o r a t o r y  f o r  a number o f  y e a r s ,  and a f i e l d  
s t r a i n  newly i s o la t e d  f rom a r a b b i t .  One g u i n e a -p ig  
was i n fe c te d  w i t h  the  l a b o r a t o r y  s t r a i n .  Organisms 
i s o la t e d  f rom the  l i v e r  t i s s u e  o f  t h i s  animal a t  au topsy 
were used to  p repare  a new batch  o f  b ro th  f o r  i n j e c t i o n  
in to  a f u r t h e r  two g u in e a - p ig s .  In a d d i t i o n ,  one guinea- 
p ig  was i n o c u la te d  w i t h  the  w i l d  s t r a i n .  In a l l  cases,
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the  b a c t e r i a l  c u l t u r e s  were a d m in i s te re d  by the  i n t r a ­
muscular  rou te .
6 .1 .7 *  Measurement o f  Body Weights
A l l  g u in e a -p ig s  were weighed a t  the  t ime o f  i n f e c ­
t i o n  and aga in  when they  were s a c r i f i c e d .  In a d d i t i o n ,  
a normal growth cu rve  was compi led  by we igh ing  s i x
Group 2 c o n t r o l  an imals  t h r e e  t imes a week f o r  the
d u r a t i o n  o f  the  exper im en t .
6 . 1 . 8 .  Euthanasia  o f  G u inea -p igs
A l l  the  expe r im en ta l  an ima ls  and c o n t r o l s  were 
k i l l e d  by the  i n t r a c a r d i a c  i n j e c t i o n  o f  a s o l u t i o n  
o f  sodium p e n ta b a rb i t o n e  ( "N e m b u ta l " ,  A b b o t t  L t d . ) .  
Group 1 s u b je c t s  were s a c r i f i c e d  a f t e r  18 hours and 1,
3,  5,  7, 9 ,  11, 13, 15, 17, 23,  24,  29,  39, 47 and 48
days.  Group 2 a f t e r  18 hours and 1, 5,  7, 10, 15, 17,
23 and 42 days;  and Group 3 a f t e r  7 , 13 , 22 and 3 I days
6 . 1. 9 . Post-mortem Methods
The g a s t r o - i n t e s t i n a l  t r a c t  was removed and separa­
ted f rom the  m ese n te r ie s .  I t  was d i v i d e d  i n t o  the
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f o l l o w i n g  p a r t s ;  stomach,  smal l  I n t e s t i n e ,  caecum and c o lo n .  
The l a t t e r  was f u r t h e r  s u bd iv id e d  in to  t h r e e  p a r t s ;  I -  the  
p o r t i o n  e x te n d ing  d i s t a l l y  f rom the  i le o cae ca l  v a l v e  f o r  
a pp ro x im a te ly  3 cms. T h is  is t h i c k  w a l le d  and s a c c u la te d ,  
in c o n t r a s t  to  S ec t io n  I I which  is r e l a t i v e l y  t h i n  w a l le d  
and r e g u l a r l y  c y l i n d r i c a l .  The j u n c t i o n  between th e  second 
and f i n a l  p a r t s  was deemed to  be the  p o i n t  where the  f i r s t  
d i s t i n c t  faeca l  p e l l e t  o c c u r re d .  S ec t ion  I I I t e rm in a te d  
a t  the  anus ( P la t e  6 . 1 . ) .  A l l  organs in the  abdominal  
and t h o r a c i c  c a v i t i e s  were examined v i s u a l l y  f o r  macro­
sco p ic  l e s io n s .  The i n t e s t i n e s  were opened l o n g i t u d i n a l l y ,  
and the c o n te n ts  examined f o r  nematode p a r a s i t e s  us ing  the 
methods d esc r ibe d  in Chapter  3 f o r  r a t s .
6 .1 .1 0 .  D e te c t i o n  o f  Larvae in T issues
Host  t i s s u e s  were crushed  between g la ss  p l a te s  to  
f a c i l i t a t e  the c o u n t i n g  o f  l a r v a e  by d i r e c t  m ic r o s c o p ic a l  
i n s p e c t i o n  ( f u l l  d e s c r i p t i o n  Chapter.  3 ) .  No s y s te m a t i c  
search was made f o r  la rv a e  in organs o th e r  than  the  i n t e s t i n e ,  
b u t  t h e i r  presence in o t h e r  s i t e s  f r e q u e n t l y  became obv ious  
as a r e s u l t  o f  the  macroscopic  l e s io n s  t h a t  they i n i t i a t e d .
2 8 4
Larvae were a l s o  found in some h i s t o l o g i c a l  s e c t i o n s .
6 -1 .1 1 .  H i s t o p a th o lo q y
T issues  were taken f rom the  l a rg e  i n t e s t i n e ,  m esen te r ic  
and o t h e r  lymph nodes a s s o c ia te d  w i t h  th e  i n t e s t i n a l  t r a c t ,  
l i v e r  and k idney .  T h is  m a t e r i a l  was f i x e d  in c o r r o s i v e  
fo rm o l .  Sec t ion s  were cu t  a t  5M- and s ta in e d  w i t h  haematoxy- 
1 in and eos in.
6 .1 .1 2 .  B a c t e r i o l o g i c a l  Examinat ion
M a t e r i a l  was taken a s e p t i c a l l y  f rom l i v e r  le s io n s  and 
subm it ted  to  the  Depar tm en t 's  b a c t e r i o l o g y  l a b o r a t o r y  w i t h  
a reques t  f o r  the  i s o l a t i o n  and i d e n t i f i c a t i o n  o f  any m ic r o ­
organisms t h a t  were p resen t .
6 . 1. 13. Examinat ion  o f  Larvae f rom T issues  
M orpho log ica l  s tu d ie s  were per formed on l a r v a e  i s o l a t e d
by the  d i g e s t i o n  o f  t i s s u e s  In a s o l u t i o n  c o n t a i n i n g  1% 
peps in  and 1.2% h y d r o c h l o r i c  a c i d ,  incubated  o v e r n ig h t  a t  
32°C. The la r v a e  were recovered -from the  r e s u l t i n g  sus­
pension by re p e a te d ly  a l l o w i n g  the  h e a v ie r  p a r t i c l e s  to  
s e t t l e  o u t ,  d i s c a r d i n g  the  o v e r l y i n g  l i q u i d  and re ­
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c o n s t i t u t i n g  w i t h  w a te r ,  f o l l o w e d  by a f i n a l  s c re e n in g  under 
the  s te r e o s c o p i c  m ic roscope (X23 m a g n i f i c a t i o n ) .  The la rv a e  
were removed w i t h  a p as teu r  p i p e t t e  and placed on a m ic r o ­
scope s l i d e  under a c o v e r - s l i p .  An op lsomete r  was then 
used to  measure the  d imens ions o f  camera l u c id a  d rawings  
(X550 m a g n i f i c a t i o n )  o f  the  la r v a e .
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RESULTS
6 . 2 . 1 .  Cl in lea l  E f f e c t s
T here 'were  g r e a t  i n d i v i d u a l  v a r i a t i o n s  in the c l i n i c a l  
response to  the  a d m i n i s t r a t i o n  o f  10,000 Oesophaqostomum 
la rv a e .  The average w e ig h t  ga in  o f  the  growing gu inea-  
pig was reduced (F ig .  6 . 1 . ,  Tab le  6 . 1 . ) ,  Several  an imals  
even l o s t  w e igh t  d u r i n g  the e a r l y  p a r t  o f  the  e x p e r i ­
ment, a l t h o u g h  o th e r s  developed as r a p i d l y  as the  c o n t r o l s  
t h roughou t  the  p e r io d  o f  o b s e r v a t i o n .  The in fo r m a t i o n  
a v a i l a b l e  f o r  Group 3 i n d i c a te d  t h a t  the  w e igh t  gains  
o f  these an imals were o n l y  ve ry  s l i g h t l y  reduced.
Three an imals  f rom Group 1 d ie d :  on the  second,  
seventh and t h i r t e e n t h  days pos t  i n f e c t i o n .  Seve re ly  
a f f e c t e d  an ima ls  were l i s t l e s s  and emaciated w i t h  a 
s t a r i n g  co a t .  D ia r rho ea  was not  a f e a t u r e .
6 . 2 . 2 ,  Paras i to  logy
E ighteen  hours a f t e r  i n f e c t i o n ,  a p p ro x im a te ly  4,2% 
o f  the  a d m in i s te re d  nematodes were p resen t  in the  i n t e s t i n e  
mucosa ( P l a t e  6 .2 . ,  Tab le  6 .2 .  ) .  T h e r e a f t e r ,  the  numbers 
o f  l a rv a e  d e t e c t a b le  in the  w a l l  o f  the  d i g e s t i v e  t r a c t
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f e l l  r a p i d l y .  A t  the  48 th  day ,  o n l y  0 . 4  (maximum 0 ,8 )  % 
remained. A remarkable  f e a t u r e  o f  these i n f e c t i o n s  was 
the  l o n g e v i t y  o f  some la rv a e  in the  t i s s u e s  o f  t h i s  abnormal 
hos t .  Even a t  Day 48,  most o f  the  i n t a c t  l a r v a e  were capab le  
o f  v ig o ro u s  movement when warmed on the  microscope s tage .
The g r e a t e s t  c o n c e n t r a t i o n  o f  l a rv a e  o ccu r red  in the  
th r e e  cms. o f  the  co lon  immed ia te ly  d i s t a l  to  the  i le o ca e ca l  
v a lv e  ( * ! '  - P la te  6 . 1 . )  where 20 .7  per sq. cm. were 
recorded e ig h te en  hours p o s t - i n f e c t  ion.  The co r re sp o n d in g  
f i g u r e  f o r  the  caecal  w a l l  was 11.0 per sq. cm,,  and f o r  
Sec t ion s  I I  and I I I  o f  t h e  c o lo n :  0 .5  and 4 .6  r e s p e c t i v e l y ,  
(Tab le  6 . 2 . ) .  In a l l  p a r t s  o f  the  l a rg e  i n t e s t i n e ,  aggrega­
t i o n s  o f  la rv a e  cou ld  be seen in the  ly m p ha t ic  pa tches ,  w i t h  
s m a l l e r  numbers s c a t t e r e d  th roug hou t  the s u r ro u n d in g  mucosa. 
A f t e r  the  second week, the  s u r v i v i n g  la rv a e  were even ly  
d i s t r i b u t e d  a long  the  l e n g th  o f  the  la rg e  i n t e s t i n e .
When the  squash p re p a r a t i o n s  were examined m ic r o ­
s c o p i c a l l y ,  the  s t r u c t u r e  o f  the  la rv a e  was p a r t i a l l y  
obscured by the  s u r ro u nd in g  s t r u c t u r e s  ( P la t e  6 . 2 . ) ,  but
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a l l  appeared to  be exsheathed t h i r d  s tage .  The la rv a e  
l i b e r a t e d  f rom the  hos t  t i s s u e s  by d i g e s t i o n  c o u ld ,  how­
e ve r ,  be examined in d e t a i l .  W i th o u t  e x c e p t io n ,  these  
were a l l  exsheathed t h i r d  s tage  la r v a e .  Thus, no deve lo p -
j
I ment had o ccu r re d .  The mean le n g th  o f  the  l a r v a e  re ­
covered  on Days 1 and 3 was 505M- (SE 3*9M-» maximum r e ­
corded 580m.), and f rom the  13th  to  the  24 th  days 496m- 
(SE 5.6., maximum 555m) (Tab le  6 . 4 . ) ,  No f o u r t h  o r  f i f t h
I s tage Oesophaqostomum were i s o l a t e d  f rom the  hos t  t i s s u e s
i
! o r  the  i n t e s t i n a l  c o n te n ts .  No o t h e r  h e lm in th  genera
' were observed in the  i n f e c t e d  o r  c o n t r o l  an im a ls .
6 . 2 . 3 . Patho logy
'
I The e a r l i e s t  consequences o f  l a r v a l  in vas ion  obvious
a t  gross i n s p e c t i o n  were punctate .haemorrhages  and a more
' g e n e ra l i z e d  hyperaemia in the  w a l l  o f  the  l a rg e  i n t e s t i n e .
Evidence o f  nodu le  fo rm a t io n  a t  t h i s  s i t e  was not  v i s i b l e
I  macroscop ica1l y  u n t i l  the  seventh  day a f t e r  i n f e c t i o n  when
s l i g h t l y  r a i s e d  patches cou ld  be seen in the mucosal w a l l
I
I o f  a p p ro x im a te ly  h a l f  o f  the  g u in e a -p ig s  (Tab le  6 . 3 . ) .
I By the  n i n t h  day,  d i s c r e t e  p r o t r u s i o n s ,  sometimes
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peduncu la ted ,  p r o je c te d  f rom the  se rosa l  s u r fa c e  o f  the 
mucosa o f  every  animal  ( P l a t e  6 . 3 *)- These nodules v a r ie d  
in magni tude f rom b a r e l y  v i s i b l e  to  p in  head s i z e .  In the 
l a t t e r  s tages o f  the  pathogenes is  ( a f t e r  the f i f t h  week),  
these  le s io n s  became less p ro m inen t ,  and those in near 
p r o x i m i t y  tended to  coa lesce .  The p a r a s i t i c  nodu les  were 
e s p e c i a l l y  numerous in the  f i r s t  two to  t h r e e  cms. o f  the  
co lo n  (Tab le  6 , 2 , ) .
In a d d i t i o n  to  Oesophaqostomum la r v a e ,  the  presence 
o f  a second p a r a s i t e  became apparen t  when the  h i s t o l o g i c a l  
s e c t i o n s  o f  the  la rg e  i n t e s t i n e  were screened ( P l a t e  6 . 1 2 . ) ,  
T h is  was a c i l i a t e d  p ro tozoon i d e n t i c a l  in s i z e  and appear­
ance w i t h  B a lan t id iu rn  co l  i . I t  was o f t e n  p resen t  in  l a rg e  
numbers in the  i n t e s t i n a l  c o n te n ts  o f  the  Group 1 gu inea- 
p ig s ,  but  was no t  seen in the  Group 2 o r  3 c o n t r o l s .  On 
o c c a s io n ,  the  pro tozoan was found to  have invaded the  
i n t e s t i n a l  mucosa o f  the  p a r a s i t i z e d  an im a ls .  In these  cases,  
i t  was seen l y i n g  j u s t  under the  e p i t h e l i u m  l i f t i n g  i t  f rom 
the  u n d e r l y in g  t i s s u e .  No obv ious  hos t  r e a c t i o n  was evoked 
d u r in g  the  p e r io d  o f  s tudy .
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Oesophaqostomum nodules a ls o  occu r re d  in ,  o r  on o th e r  
organs i n c l u d i n g  small  I n t e s t i n e ,  lymph nodes,  per i toneum,  
l i v e r ,  d iaphragm and lungs (Tab le  6 , 3 . ) .  W i th  the  excep t io n  
o f  the  l i v e r  l e s i o n s ,  the  gross  p a t h o l o g i c a l  appearance 
approximated t h a t  d esc r ibe d  above.  Larvae were demonstra­
ted in c rush  p r e p a r a t i o n s ,  o r  In h i s t o l o g i c a l  s e c t i o n s  
f rom at  l e a s t  a p r o p o r t i o n  o f  the  le s io n s  f rom each s i t e .  
M ic ro s c o p ic  a nd /o r  macroscopic  exam ina t ion  o f  the  k idn eys ,  
sp leen and o t h e r  organs n o t  l i s t e d  in Tab le  6.3* f a i l e d  to  
reveal  ^ny s ign  o f  the  presence o f  p a r a s i t e s .
In the  l i v e r ,  l e s io n s  became n o t i c e a b l e  as m inu te  
w h i te  spots on the  s u r fa c e  on the  t h i r d  day a f t e r  i n f e c ­
t i o n .  From the  seventh  to  the  24 th  day,  two types cou ld  
be d i s t i n g u i s h e d .  The one form c o n s i s te d  o f  a smal l  
( l e s s  than one mm. d ia m e te r )  compact s p o t ,  the  o th e r  
being  tw ic e  t h i s  s i z e  w i t h  d i f f u s e  bo rde rs  g r a d u a l l y  
merg ing  i n t o  the s u r ro u n d in g  t i s s u e s .  A f t e r  the  24th  day 
o n l y  the  s m a l le r  type  was seen. N e i t h e r  l e s io n  extended 
more than a m i l l i m e t r e  o r  so i n t o  th e  l i v e r  parenchyma.
The numbers o f  h e p a t i c  l e s io n s  increased to  reach a
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maximum around the  13th day (Ta b le  6 . 2 , ) .  The l a r g e s t  number 
o f  w h i t e  spots noted in one l i v e r  was 2 9 . M i c r o b i o l o g i c a l  
t e s t s  c o n s i s t e n t l y  f a i l e d  to  demonst ra te  the  presence o f  
P. p se u d o tu b e rc u lo s is  o r  any o t h e r  spec ies  o f  b a c t e r i a  
in the l i v e r s  o f  p a r a s i t i z e d  g u in e a -p ig s .  A l l  bu t  one o f  
the c o n t r o l  an imals  (Group 2 and Group 3) were f r e e  f rom 
nod u la r  and h e p a t i c  l e s io n s  a t  au topsy .  The e x c e p t io n  was 
one Group 2 c o n t r o l  animal t h a t  had one smal l  w h i t e  spot  
on the  s u r fa c e  o f  the  l i v e r .  B a c t e r i o l o g i c a l  t e s t s  were 
not  per formed in t h i s  in s tan ce .
6 . 2 . 4 .  Pseudotubercu los is
The g u in e a - p ig  t h a t  had been g iven the  o r i g i n a l  
l a b o r a t o r y  s t r a i n  o f  P. p se u d o tu b e rc u lo s is  was k i l l e d  
a f t e r  21 days.  Autopsy reve a led  t h a t  the  m e se n te r ic  
lymph nodes were s w o l le n ,  and t h a t  the  s u r fa c e  o f  the  
1 i v e r  was s p a r s e l y  covered by small  d i s c r e t e  w h i t e  spo ts .
When the  h e p a t i c  t i s s u e  was Inc ise d  more le s io n s  were 
seen w i t h i n  the  parenchyma. The sp leen  was not  o b v i o u s l y  
i nvo lved .
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Of the  two g u in e a -p ig s  r e c e i v i n g  b a c t e r i a  c u l t u r e d  
f ro m . th e  animal  d e sc r ibe d  in the  p re v iou s  paragraph,  one 
d ie d  on the I 4 t h  day and the  o t h e r  was s a c r i f i c e d  on the  
f o l l o w i n g  day.  Both had en la rged  m esen te r ic  lymph nodes 
and m o t t l e d  s p l e n i c  le s io n s .  The s a c r i f i c e d  animal 
d i s p la y e d  h e p a t i c  l e s io n s  resemb l ing  those seen in the  
donor.  The l i v e r  o f  the  o t h e r  co n ta in e d  la r g e  i r r e g u l a r  
n e c r o t i c  pa tches,  as d id  t h a t  o f  the  g u i n e a -p ig  in f e c te d  
w i t h  the  w i l d  s t r a i n .
M a te r ia l  f rom the  l i v e r  le s io n s  o f  a l l  these an imals 
gave r i s e  t o  c o lo n ie s  o f  P. p se u d o tu b e rc u lo s is  when p la te d  
on b lood agar and McConkey's medium.
X control 
200 •  infected
' 100 -
1
10 20 30 40 50
days after infection
Fig 6.1 The average weight-gains of groups of guinea-pigs that had been 
infected with 10,000 Oesophagostomum larvae compared with a 
growth curve compiled from normal control animals
T a b l e  6 . 1 .  -  G ro w t h  r a t e  o f  g u i n e a - p i g s  i n f e c t e d  w i t h  1 0 , 0 0 0  O e sopha qostom um  
l a r v a e  (G r o u p  1 ) ,  u n i n f e c t e d  c o n t r o l s  ( G r o u p  2 )  and a f u r t h e r  g r o u p  o f  
u n i n f e c t e d  c o n t r o l s  g i v e n  a p o r t i o n  o f  t h e  l i q u i d  i n  w h i c h  
t h e  l a r v a e  had b e e n  s u s p e n d e d
D a y s  p o s t  I n c r e a s e  i n  b o d y  w e i g h t s  ( g m s . )
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Table  6 .4 .  - Length o f  la rva e  i s o la te d from the in t e s t  i n a 1
mucosa o f q u in e a -p lq s in fe c te d  w i t h  Oesophaqostomum
Days post  






e r r o r Range
1 -  3 41 505m 3.9 470 “  580
13 - 24 27 496m 5 .6 445 -  555
Cae
Plate 6.1 The large intestine of a normal guinea-pig. Cae = caecum, 
I = Section I of the colon, etc. For explanation see 6.1.12..
Plate 6.2 An Oesophagostomum larva in the wall of the large intestine 
of a guinea-pig photographed seven days after infection
Plate 6.3 Subserosal Oesophagostomum lesions on the large intestine 
(Section I) of a guinea-pig that had been infected 15 days earlier
Plate 6.4 Quinea-pig large intestine 18 hours after infection with 
Oesophmgoatomum larvae. The mucosal crypts are partly distended 
with an exudate rich in ce lls . (H aem atoxylin  and eosin  xJ60j
Plate 6.6 Guinea-pig large intestine 18 hours if te r  infection w ith 
Oesophagostomum  larvae. Localised tissue necrosis and granulocyte 
accumulation caused by the passage of invading larvae.
(H aem atoxylin  and eosin  x3 6 0 l
m
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Plate 6.5 Guinea-pig large intestine 18 hours after infection w ith 
Oesophagostomum  larvae. Recent haemorrhage into the lamina 
propria and submucosa. (H aem atoxylin  and eosin  x360)
Plate 6.7 Guinea-pig large intestine 9 days after infection with 
Oesophagostomum  larvae. The larva ham come to re at in a lymph 
fo llic le  and is surrounded by a thin layer of amorphous eosinophilic 
material. This is encompassed by a loose metrix containing retieulo- 
endothelioid ce lls and occasional giant ce lls which, in turn, is 
encircled by a zone of fibroblasts
(H aem atoxylin  and eosin  x 360)





Plate 6.8 Guinea-pig large intestine 23 days after infection w ith 
Oesophagostomum larvae. The nematode in the centre of a nodule 
is cut transversely in several places. It lies in a space lim ited by 
a wall of eosinophilic material beyond which is the retieulo- 
endothelioid layer. iH aem atoxy lin  and eosin  x1200)
Plate 6.10 Serosal surface of guinea-pig large intestine 23 deye 
after infection with Oesophagostomum  larvae showing a protuding 
subserosal nodule, the wall of which is composed almost 
exclusively of fibrous tissue. The worm appears to be deed.
(H aem atoxylin  and eosin  x 360)
Plate 6.11 Mucosa of guinea-pig large intestine 6 days after 
infection w ith Oesophagostomum larvae. The position of a dead larva 
is marked by eosinophilic debris and numerous eosinophils.
(H aem atoxylin  and eos in  x360
Plate 6.9 High power view of the loose matrix containing reticulo- 
endotheliold ce lls  In the Oesophagostomum  nodule shown in Piste 6.8.




Plate 6.12 Guinea-pig large intestine 39 days after infection 
w itfi Oesophagostomum larvae. Balantidium c o li trophozoites 
are seen beneath the epithelium and free in the intestinal lumen.
(H aem atoxylin  and eosin  x 1200)
Plate 6.14 Guinea-pig liver 17 days after infection with 
Oesophagostomum larvae. The path taken by a migrating 
larva is marked by proliferation of macrophages and 
in filtra tion  of eosinophils. (H aem atoxylin  and eosin  x1200)
1 ^
Plate 6.13 Mesenteric lymph-node from a guinea-pig infected 
with Oaaophagoatomum 39 days previously. A parasitic nodule 
is seen In the peripheral stroma. (H aem atoxylin  and eosin  x360 )
Plate 6.15 Guinea-pig liver 23 days after infection with 
Oesophagostomum larvae. A pedunculated nodule is attached
to the surface of the liver. (H aem atoxylin  and eosin  x360)
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Plate 6.16 Guinea-pig liver 9 deye after infection with 
Oesophagostomum larvae. A nodule w ithin the parenchyme 
of the liver. The worm is cut in transverse section.
(H aem atoxylin  and eosin  x 1200)
I
Plate 6.17 Liver of guinea-pig infected w ith Pasturella 
pseudotuberculosis. The lesion is composed of a mass 
of weakly eosinophilic necrotic tissue, surrounded by 
macrophages w ith occasional granulocytes and fibroblasts.
There are no eosinophils present. Nearby viable hepatic ce lls  
are vacuolated. (H aem atoxylin  and eosin  x 1200)
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DISCUSSION
6 .3 -1 -  General C o n s id e ra t io n s
Data o b ta in e d  f rom animal  e x p e r im e n ta t i o n  a re  sub­
j e c t  to  an i n c o n v e n ie n t ,  a l b e i t  i n e v i t a b l e ,  degree o f  
v a r i a b i l i t y .  A t  p re s e n t ,  i t  is not  p r a c t i c a b l e  to 
produce c lo nes  o f  g e n e t i c a l l y  i d e n t i c a l  v e r t e b r a t e s  
f o r  r o u t i n e  research  purposes.  Thus,  mammalian s tu d ie s  
i n v a r i a b l y  in v o l v e  the  compar ison o f  a s e r ie s  o f  
' t r e a t e d ' g e n e t i c a l l y  d i s s i m i l a r  u n i t s  w i t h  a group o f  
d i s s i m i l a r  ' n o rm a l '  e n t i t i e s .  The outcome i s ,  o f  course ,  
t h a t  the  mathemat ica l  exp ress io n  o f  each b i o l o g i c a l  
f u n c t i o n  w i l l  g i v e  not  one va lue  f o r  each group bu t  a 
range o f  r e s u l t s ,  even in the  case o f  ' n o rm a l '  an im a ls .
An exam ina t ion  o f  the  raw data  assembled a t  the  end o f  
t h i s  t h e s i s  w i l l  show t h a t  the  p resen t  s tudy  is not  
exempt from the  consequences o f  t h i s  concept .  In 
g e n e ra l ,  the  r e s u l t s  f o r  a group o f  s i m i l a r l y  t r e a t e d  
an imals  a re  s c a t t e r e d  about  a mean In a p r e d i c t a b l e  
manner, and s t a t i s t i c a l  methods have been developed f o r  
c o n c i s e l y  d e f i n i n g  such v a r i a b i l i t y .
When p la n n in g  l a b o r a t o r y  exper imen ts  an a t te m p t  is
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made to  m in im ize  the  d i f f e r e n c e s  w i t h i n  and between 
groups.  In the  p resen t  i n s tan c e ,  f o r  example,  the  
g u in e a -p ig s  shou ld have been c l o s e l y  r e l a t e d  (a l th ou g h  
not  i n - b r e d ) ,  s p e c i f i c - p a t h o g e n - f r e e  and a l l  o f  the  
same age,  w e ig h t  and sex.  However, such f a c t o r s  as 
the  a v a i l a b i l i t y  o f  s to c k  and budge ta ry  c o n s id e r a ­
t i o n s  sometimes make the  ideal  d i f f i c u l t  to  a t t a i n .
The expe r im en ta l  i n t e r v e n t i o n  should be s im p le  
and w e l l - d e f i n e d  i f  the  responses a re  to  be under ­
stood .  In t h i s  p resen t  s tu d y ,  t h i s  o b j e c t i v e  was 
a l s o  thw ar ted  to  a c e r t a i n  degree s in c e  a pro tozoan  
p a r a s i t e ,  B. co l  i , was a c c i d e n t a l l y  t r a n s m i t t e d  a long  
w i t h  the  two spec ies  o f  nematode la r v a e .  A f u r t h e r  
c o m p l i c a t i o n  was the  presence in the  env i ronment  o f  
a t  l e a s t  one o th e r  pathogen,  P, p s e u d o tu b e r c u lo s i s .
However, good use can be made o f  such an 
im p e r fe c t  s i t u a t i o n  p rov ided  t h a t :
(a)  a s u f f i c i e n t l y  la rg e  number o f  an imals  is 
used.
(b)  s u i t a b l e  c o n t r o l  groups a re  inc luded
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(c )  the  d i f f e r e n c e s  between the  groups a re  not  too 
s u b t 1e.
A l though  not  i d e a l ,  t he  expe r im en ta l  model used f o r  
t h i s  s tudy  o f  Oesophagostomum i n f e c t i o n s  in g u in e a -p ig s  
proved adequate.
6 .3 * 2 .  Paras i t o l o q y
Up to  5*4% o f  the  a d m in i s te re d  Oesophagostomum 
la rva e  were a b le  t o  exsheath and invade the  t i s s u e s  o f  
t h i s  abnormal h os t .  T h is  f i g u r e  is some ten t im e s  g r e a t e r  
than t h a t  recorded when l a b o r a t o r y  ra t s  were i n f e c t e d  w i t h  
20,000 la r v a e  (Chapte r  3)*  In both  mammalian s p e c ie s ,  
p e n e t r a t i o n  appeared to  be c o n f in e d  to  the  l a rg e  i n t e s t i n e  
as i t  is  in the  n a tu ra l  h o s t .  The oesophagostomes o f  
ruminants  a ls o  e n te r  the  w a l l  o f  the  smal l  i n t e s t i n e  
(Dobson, 1966; E lek and Dur ie ,  1967).  Most l a rv a e  were 
seen in the  reg ion  o f  the  lym p h a t i c  patches which a re  a 
prominent  f e a t u r e  o f  the i n t e s t i n a l  w a l l  o f  the  g u inea -  
p ig .  The caecum and f i r s t , p a r t  o f  the  co lo n  are  
p a r t i c u l a r l y  r i c h  in l y m p h a t i c  t i s s u e  and t h i s  may account  
f o r  the  c o m p a r a t i v e l y  h igh  l a r v a l  d e n s i t i e s  seen in these
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l o c a t i o n s .  A l t e r n a t i v e l y ,  t h e  m a j o r i t y  o f  l a rv a e  a b le  
t o  i n f e c t  the  hos t  may have done so a t  the  e a r l i e s t  
o p p o r t u n i t y ,  so t h a t  o n l y  a few capab le  l a rv a e  would 
reach the  more d i s t a l  p a r t  o f  the  i n t e s t i n a l  t r a c t .  
Presumably,  the  94.6% o r  more t h a t  were unaccounted 
f o r  a t  the  18 th  hour had been k i l l e d  and d ig e s te d  o r  
had passed o u t  in the  faeces.
The la rv a e  en te red  the  mucosal c r y p t s ,  passed 
th rough  the  e p i t h e l i u m  and c o n t inu ed  i n t o  the  lamina 
p r o p r i a ,  submucosa, muscu lar  is mucosa o r  l ym p h a t ic  
a g g re g a t io n s .  Many went no f u r t h e r  becoming en­
capsu la ted  to  form the  nucleus o f  the  macroscopic  
nodules (Plates 6.7. and 6 . 1 0 . ) .
The numbers o f  l a rv a e  t h a t  cou ld  be counted in the 
mucosa d e c l i n e d  r a p i d l y  d u r i n g  the  days a f t e r  i n f e c t i o n .  
Some per ished  in t h i s  s i t u a t i o n .  O the rs ,  however,  
co n t in ued  t h e i r  m ig r a t i o n  v e n t u r i n g  away f rom the  
d i g e s t i v e  t r a c t .  The ro u te  o r  rou tes  were not  r e a d i l y  
i d e n t i f i a b l e ,  bu t  the  f i n a l  r e s t i n g  p la ce  o f  each la r v a  
was marked by nodule  fo rmat  ion.
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The lymph nodes l y i n g  c lo s e  bes ide  the  caecum and the 
f i r s t  p a r t  o f  the  co lon  were f r e q u e n t l y  Invaded, and t h i s  
may be a consequence o f  t h e  l o c a l i z a t i o n  o f  l a r v a e  in the  
i n t e s t i n a l  l y m p h a t i c  pa tches.  Larvae were seen in the  
lumen o f  l y m p h a t i c  vesse ls  on two occas ion s .  In g e n e ra l ,  
however, h i s t o l o g i c a l  o b s e r v a t i o n s  do not  suppo r t  t h i s  
hypo the s is  as most nodu les  were a sso c ia te d  w i t h  the  
p e r ip h e r a l  s t roma o f  the  lymph node r a t h e r  than w i t h  the 
parenchyma ( P la t e  6 . 1 3 . ) ,  I t  is p o s s ib le ,  however,  t h a t  
the  l a rv a e  d id  a r r i v e  v i a  the  lym p h a t i c  vesse ls  bu t  t h a t  
t h e i r  p rogress  was a r r e s t e d  and d i v e r t e d  by the  nar row 
d imens ions o f  the  passages w i t h i n  the  nodes.
Nodules were a l s o  seen in the  mesenter ies  and omenta , 
bu t  on these  occas ions  t h e r e  was no obv ious  a s s o c i a t i o n  
w i t h  lymph o r  b lood ve s s e ls .  A c t i v e  m ig r a t i o n  on o r  
between the serosae d i d ,  t h e r e f o r e ,  take p lace  and 
p robab ly  accounts  f o r  th e  l e s io n s  seen on the  abdominal  
su r fa c e  o f  the  d iaphragm. The com p ara t ive  in f re qu ency  
o f  these l e s io n s  (T a b le  6 . 3 * )  d i s c r e d i t s  the p o s s i b i l i t y  
t h a t  t h i s  was the  main m i g r a t o r y  pathway.
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From the  n i n t h  day onwards,  l e s io n s  were found 
w i t h  equal f requency  in the  i n t e s t i ne and l i v e r .  That  
is t o  say,  la rv a e  i n v a r i a b l y  found t h e i r  way to  the  
l a t t e r  o rgan .  Whi te  spots  f i r s t  appeared on the  s u r fa c e  
th r e e  days a f t e r  i n f e c t i o n  i n d i c a t i n g  a speedy j o u r n e y  
from the  s i t e  o f  p e n e t r a t i o n .  Yet  o t h e r  v i s c e r a l  organs 
( s p le e n ,  pancreas,  k idneys  and a d r e n a ls )  never d i s p la y e d  
s igns  o f  p a r a s i t i c  in va s io n .  Bear ing  in mind the  p a u c i t y  
o f  p e r i t o n e a l  nodu le s ,  t h e r e  is a s t r o n g  su gg es t ion  t h a t  
c a r r i a g e  may be by the  h e p a t i c  p o r t a l  system. The same 
p i c t u r e  would r e s u l t  i f  the  serosae p rov ided  a lm os t  
unimpeded passage and the  la rva e  were a t t r a c t e d  o r  
ch an n e l led  towards the  l i v e r .  Larva l  t r a c t s  were seen 
w i t h i n  the  l i v e r  parenchyma ( P l a t e  6 . 1 4 . )  bu t  t h e  m a j o r i t y  
o f  the  l e s i o n s  o ccu r red  s u p e r f i c i a l l y  r a t h e r  than in the 
parenchyma ( P la t e  6 . 1 5 . ) .  The p e r i t o n e a l  ro u te  may, 
t h e r e f o r e ,  be favoured  b u t ,  as in the  case o f  the  lym p h a t ic  
l e s i o n s ,  t h i s  p i c t u r e  may re p re s en t  the  a r r e s t  o f  la rv a e  
m ig r a t i n g  o u t  f rom w i t h i n  the  organ .
T h e  l y m p h a t i c  r o u t e  w o u l d  n o t  t a k e  l a r v a e  t o  t h e  l i v e r
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but  to  the  vena cava.  T h e r e a f t e r  the  f i r s t  c a p i l l a r y  n e t ­
work to  be encountered would be in the  lungs .  Yet  o n l y  
one la r v a  was ever recovered f rom t h i s  s i t e ,  and the  
p o s s i b i l i t y  t h a t  t h i s  may have been inhaled d u r in g  
a d m i n i s t r a t i o n  cannot  be exc luded .
A remarkable  f e a t u r e  o f  these  i n f e c t i o n s  was the  
extreme l o n g e v i t y  o f  a p r o p o r t i o n  o f  the  la rv a e  t h a t  had 
become encapsu la ted  in the  i n t e s t i n a l  mucos>a. D e s p i te  
the  f o r e i g n  env i ronment  and the  t i s s u e  r e a c t i o n ,  many 
were capab le  o f  v ig o ro u s  movement even a t  the  4 8 th  day.
In the  n a tu r a l  h o s t ,  t he  p i g ,  t h e  f i r s t  p a r a s i t i c  mou l t  
takes p lace  a f t e r  a p p ro x im a te l y  f o u r  t o  f i v e  days and 
th e  r e s u l t a n t  f o u r t h  s tage  la r v a e  beg in  t h e i r  r e t u r n  to  
t h e  lumen o f  the  i n t e s t i n e  on the  6 th  day ( K o t l a n ,  1948; 
Shorb,  1948),  a l th o u g h  many a re  i n h i b i t e d  in t h e i r  
development  and may o r  may no t  emerge f rom the  nodules 
(Shorb and Sha lkop,  1959).  In the  p resen t  e xpe r im en t ,  
no development o f  t h e  la r v a e  took  p lace  a f t e r  exsheath -  
ment. The nematodes n e i t h e r  grew nor mou l ted ,  and none 
re tu rne d  to  the  lumen. In c o n t r a s t ,  AÎ i c a ta  (1934) was
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a b le  to  recover  two f o u r t h  s tage  l a r v a e  f rom the  i n t e s t i n a l  
w a l l  o f  h i s  i n f e c te d  g u in e a -p ig s .
6 .3 .3 -  Patho logy
E x i s t i n g  knowledge o f  the  n a tu re  and appearance o f  
Oesophagostomum nodules in t h e  p ig  has a 1 ready been 
summarized in the  i n t r o d u c t o r y  c h a p te r  o f  t h i s ,  t h e s i s  
(§ 0 . 8 ) .  M a c r o s c o p i c a l l y , the  le s io n  is  a c i r c u m s c r ib e d  
s w e l l i n g  t h a t  p ro t rud e s  in to  the  lumen o f  the  l a r g e  
I n t e s t i n e  measur ing up to  4 -  5 mm. in d ia m e te r .  I t  may 
be ra is e d  o r  f l a t t e n e d ,  w i t h  o r  w i t h o u t  a c e n t r a l  depres ­
s io n .  The l a r v a e  do no t  r e g u l a r l y  v e n tu re  i n t o  the  sub­
mucosa, and, w i t h  o n l y  one except  Ion ( B o l l e ,  1951)» have 
never been found o u t s i d e  the  i n t e s t i n a l  t r a c t .
The le s io n s  i n i t i a t e d  by Oe. venulosum in sheep and 
goats p a r a l l e l  those  o f  the  p ig  oesophagostomes in th e  I r  
n a tu ra l  hos t  (G o ldberg ,  1952) in t h a t  they  a l s o  a re  
r e l a t i v e l y  Inconsp icuous .  In sharp c o n t r a s t  Is 
Oe. columbianum in these  h os ts .  T h is  p a r a s i t e  o f t e n  
wanders in to  the  submucosa and beyond in to  the  abdominal 
c a v i t y ,  m esen te r ic  lymph nodes and l i v e r  (Carne and Ross,
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1932; Dobson, 1 9 6 6 ; ’ Horak and C la r k ,  1967; S e r i e s ,  1944; 
She l ton  and G r i f f i t h s ,  1967)-  S r i v a s ta v a  and Singh (1964) 
and Tewari  and I y e r  (1961) d e s c r ib e  s i m i l a r  b ehav iou r  in  an 
unnamed Oesophagostomum spp. wh ich  is  p robab ly  Oe. columbianum. 
Large p r o t r u d i n g  nodules d i r e c t e d  i n t o  the  p e r i t o n e a l  c a v i t y  
form around the  l a r v a e  t h a t  come to  r e s t  in the  submucosa 
(Dobson, 1966; Four ie ,  1935; Sar i  e s , 1944).
The behav iou r  o f  p o r c in e  oesophagostome la r v a e  in the  
g u i n e a - p ig  as shown in the  p re se n t  s tudy and t h a t  o f  A 1 i c a ta  
( 1934) ,  resembles t h a t  o f  Oe. columbianum in sheep and goats 
r a t h e r  than Oe. dentatum and Oe. q u a d r i s p in u la tu m  in p ig s .
Can i t  be t h a t  the  ‘ w a n d e r lu s t *  o f  c e r t a i n  Oesophagostomum 
species is a consequence o f  poor o r  incomple te  a d a p ta t i o n  
to the  host? I t  is u n l i k e l y  t h a t  the  a b e r r a n t  l a r v a e  o f  
Oe. columbianum ever r e t u r n  t o  the  lumen o f  the  i n t e s t i n e ,  
and they have the reb y  f o r f e i t e d  the  o p p o r t u n i t y  to  c o n t r i b u t e  
to  the  p e r p e tu a t i o n  o f  t h e i r  spec ies .  I t  is d i f f i c u l t  to  
env isage  any b i o l o g i c a l  advantage f o r  such a c t i v i t y  w i t h i n  
the norma] h o s t ,  bu t  shou ld  the  l a r v a e  be eaten a c c i d e n t a l l y  
by a no the r  an i ma 1 spec i e s , such behav io u r  cou ld  be a decided
302
advantage -  e s p e c i a l l y  i f  the  n a tu r a l  hos t  is  a c a r n i v o r e  o r
omnivore.  T h is  p r i n c i p l e  was w e l l  i l l u s t r a t e d  in Chapter  2
where the  p o t e n t i a l  a b i l i t y  o f  the  r a t  to  a c t  as a p a r a te n i c  
host  f o r  p ig  oesophagostomes was demonstra ted.  I t  seems 
p o s s i b l e ,  t h e r e f o r e ,  t h a t  the  a s s o c i a t i o n  between
Oe. columb ianum and sheep and goats  may have been founded
l a t e r  in e v o l u t i o n a r y  h i s t o r y  than was the  case f o r  
Oe. venu losum, which appears b e t t e r  adapted t o  i t s  hos t .
Oe. apiostomum in p r im a tes  a l s o  causes l a rg e  nodules and 
shows tendenc ies  to  m ig ra te  in an a p p a r e n t l y  haphazard 
fash ion  ( L i e  Kian Joe,  1949; Weinberg,  1909)» whereas 
Oe. rad ia tum In c a t t l e  occup ie s  an in t e r m e d ia te  p o s i t i o n ,  
c o n f i n i n g  i t s  presence to  the  i n t e s t i n a l  w a l l  and 
s t i m u l a t i n g  a s m a l le r  hos t  r e a c t i o n  (Anataraman, 1942;
Elek  and D u r ie ,  1967; Koch, 1949; Mayhew, 1948).
The course  o f  the  Oesophagostomum i n f e c t i o n  in 
gu in ea -p igs  is  n o t ,  however,  e n t i r e l y  analogous to  t h a t  
o f  the  o t h e r  nodu le  fo rm ing  oesophagostomes. In the  
l a t t e r  in s tance ,  o f  course ,  a p r o p o r t i o n  o f  the  worms 
undergo normal p a r a s i t i c  development and a t t a i n  sexual
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m a t u r i t y .  The nodu les  a re  o f t e n  f i l l e d  w i t h  l a rg e  
q u a n t i t i e s  o f  caseous m a t e r i a l  t h a t  may l a t e r  become 
c a l c i f i e d ,  r e a c t i o n s  t h a t  were no t  observed in the  
g u in e a - p ig  m a t e r i a l ,  A common f a c t o r  In a l l  
Oesophagostomum i n f e c t i o n s ,  however,  is the  s t r o n g l y  
e o s i n o p h i l i c  w a l i  t h a t  forms around the  h i s t o t r o p i c  
la r v a  (P la te s  6 .7 .»  6 . 8 . ,  6 .13 .  and 6 . 1 6 . ) .
6 . 3 . 4 . A e t i o l o g y  o f  L i v e r  Lesions
White  spots  cou ld  be seen on the  l i v e r s  o f  the  
p a r a s i t i z e d  g u in e a -p ig s  t h r e e  days a f t e r  i n f e c t i o n ,  and 
were i n v a r i a b l y  p resen t  a f t e r  the  n i n t h  day. I t  was known 
t h a t  p s e u d o tu b e rc u lo s is  was endemic in the  an ima1- h o u s e , 
y e t  a l l  bu t  one o f  the  Group 2 and Group 3 c o n t r o l s  were 
f r e e  o f  t h i s  t ype  o f  l e s i o n .  The spots were,  t h e r e f o r e ,  
a s s oc ia te d  w i t h  the  nematode i n f e c t i o n ,  and ye t  
Oesophagostomum spp. in the  p ig  a re  known to  be non- 
m ig r a t o r y .  Were the  l a r v a e  behav ing  in an a t y p i c a l  manner and 
e n t e r i n g  the h e p a t i c  t i s s u e  o r  were they o n l y  an i n d i r e c t  
cause o f  the  l e s io n s ?  I t  was c o n c e iv a b le  t h a t  the  
oesophagostomes cou ld  have re le ased  a h ep a to to x în  o r  
t h a t  they c re a te d  a s t a t e  o f  s t r e s s  a l l o w i n g  a l a t e n t
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b a c t e r i a l  i n f e c t i o n  to  exace rba te .  Examinat ion  o f  the 
ev idence  c o l l e c t e d  d u r in g  the  I n v e s t i g a t i o n s  showed t h a t  
many o f  the  le s io n s  were c e r t a i n l y  i n i t i a t e d  by the  
presence o f  la rv a e  in o r  on the  l i v e r .
F i r s t l y ,  a number o f  h i s t o l o g i c a l  p r e p a r a t i o n s  
revea led  l a rv a e  c o i l e d  w i t h i n  the  l e s io n s  ( P la t e  6 . 1 6 . ) .  
Other s e c t i o n s  had c u t  the  p e r ip h e ry  o f  the  smal l  spots 
and showed no d i r e c t , s i g n  o f  the presence o f  nematode 
s t r u c t u r e s .  In these cases the  p a th o l o g i c a l  p i c t u r e  was 
i d e n t i c a l  to t h a t  o f  the  l a r v a l  le s io n s  and q u i t e  d i f f e r e n t  
f rom t h a t  seen In the  Group 4 g u in e a -p ig s  ( c f .  P la tes  6 . 1 5 . ,  
6 . 1 6 . and 6 . 1 7 . ) .  I n f e c t i o n  w i t h  P. p seu d o tu b e rc u lo s is  
produced r e l a t i v e l y  l a rg e  areas  o f  c o a g u l a t i v e  n e c r o s i s .  
There was no e o s i n o p h i l i c  i n f  111 r a t  Ion and the  f i b r o ­
b l a s t i c  response was m in im a l .  The areas o f  n e c r o s i s  mark­
ing the  pathways taken by the  m ig r a t i n g  oesophagostomes 
were c o n s id e r a b l y  s m a l le r  than those  f o l l o w i n g  th e  
b a c t e r i a l  i n v a s io n ,  and were i n f i l t r a t e d  by numbers o f  
e o s i n o p h i l s .
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One Group 2 animal  d id  d i s p l a y  s igns o f  p seu d o tu be rc u lo s is  
bu t  t h i s  was an e x c e p t io n a l  case.  Every Group 1 h e p a t i c  spot  
t h a t  was s u b je c te d  t o  b a c t e r i o l o g i c a l  exam ina t ion  proved 
s t e r i l e .  in  c o n t r a s t ,  the  Group 4 le s io n s  i n v a r i a b l y  y i e l d e d  
P. p s e u d o t u b e r c u lo s i s . The d i a g n o s t i c  procedures were thus 
proved to  be sound.
6 .3 - 5 .  C l i n i c a l  Obse rva t io ns
A t  au topsy ,  the  caecum and co lon  o f t e n  o n l y  con ta in ed  
a smal l  f r a c t i o n  o f  the  volume o f  food m a te r i a l  u s u a l l y  
seen in h e a l t h y  g u in e a - p ig s .  The n e g a t i v e  we ig h t  ga ins 
t h a t  o ccu r red  in the  e a r l y  p a r t  o f  the  exper iment  were 
caused p r i m a r i l y  as a r e s u l t  o f  the  normal evacu a t ion  o f  
faeca l  p e l l e t s  by a n o re x i c  a n im a ls .  The r e d u c t i o n  in 
g r o w t h - r a t e  seen l a t e r  was a t  l e a s t  p a r t i a l l y  caused by 
reduced food in ta k e .  The presence o f  the  nodu la r  le s io n s  
in the  wa l l  o f  the  l a rg e  i n t e s t i n e  may have i n t e r f e r e d  
w i t h  the  a b s o r p t i o n  o f  n u t r i e n t  subs tances,  w h i l s t  ano the r  
e f f e c t  may have been an a l t e r a t i o n  o f  the lumina l  
env i ronment  w i t h  a secondary i n f l u e n c e  on the c o m p o s i t io n  
o f  the  commensal o r  s y m b io t i c  m i c r o f l o r a  and m ic ro fa una .
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6 . 3 . 6 .  O r i g i n  o f  B a la n t i d iu m  c o l i  I n f e c t i o n s
The occur rence  o f  a c i l i a t e d  p fo tozoon  w i t h  a 
pe r is tom e ,  k idney  shaped macronucleus and c y to p la s m ic  
vacuo les in the  l a r g e  i n t e s t i n e  o f  g u in e a -p ig s  i n o c u la te d  
w i t h  m a te r ia l  o f  p o rc in e  faeca l  o r i g i n  prompted a 
p resumpt ive  d ia g n o s is  o f  B a la n t i d iu m  c o l i . The s i m i l a r i t y  
o f  the  d imens ions o f  t h i s  o rgan ism and those o f  B . c o l i  
s t reng thened  t h i s  b e l i e f .  B. co l  i i n f e c t i o n s  have a ls o  
been e s t a b l i s h e d  e x p e r im e n t a l l y  in g u in e a -p ig s  by Andrews 
( 1930) ,  Schumaker (1930) and Westphal (1957).
Since the  presence o f  t h i s  p o t e n t i a l  p a r a s i t e  was 
d iagnosed in r e t r o s p e c t ,  the  o p p o r t u n i t y  to  per fo rm  
e x h a u s t i v e  t e s t s  to  e s t a b l i s h  i t s  absence In t h e  Group 2 
c o n t r o l s  was l o s t .  T h is  is  p a r t i c u l a r l y  u n f o r t u n a t e  as 
Rees ( 1927) and S c o t t  (1927) have recorded  n a t u r a l l y  
o c c u r r i n g  S a lan t  id i um spp. in the  g u i n e a - p ig .  I t  was 
no t ,  however,  seen In any t i s s u e  s e c t i o n  made f rom 
m a te r ia l  f rom the  l a t t e r  group.
The B. co l  I t r o p h o z o i t e  is  a ve ry  f r e q u e n t  commensal
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o f  domest ic  p ig s ,  being  found amongst the  c o n te n ts  o f  
the  l a rg e  i n t e s t i n e .  No comprehensive su rvey has been 
performed in the  Un i ted  Kingdom to  e s t a b l i s h  the  
p reva lence  in the  hos t  p o p u la t i o n .  The o rgan ism can 
become p a r a s i t i c  i f  the  i n t e s t i n a l  mucosa is damaged by 
some o th e r  a e t i o l o g i c a l  agen t .  In these cases,  i t  o f t e n  
l i e s  j u s t  under the  e p i t h e l i u m  as in the  case o f  the  
g u i n e a - p i g  m a t e r i a l  ( P l a t e  6 . 1 2 , ) .  I t  sometimes 
pen e t ra te s  more deep ly  and may even reach the  lymphoid 
f o l l i c l e s ,  bu t  t h i s  was not  seen in the  p resen t  c o n t e x t .
Rep roduc t ion  o f  the  c i l i a t e  can take  p lace  by 
b in a r y  f i s s i o n  w i t h i n  the  h o s t ,  and so l a rg e  numbers 
can b u i l d  up f o l l o w i n g  the  i n g e s t i o n  o f  c o m p a r a t i v e ly  
few organ isms.  T ra nsm iss io n  f rom animal  to  animal  
occu rs  by e j e c t i o n  o f  encysted  forms in the faeces and 
subsequent  a c c id e n ta l  i n g e s t i o n  by the  nex t  hos t .  The 
cy s ts  a re  q u i t e  dense s t r u c t u r e s  s in ce  they do not  f l o a t  
r e a d i l y  in s a tu r a te d  s a l i n e ,  a l tho u gh  they r i s e  to  the 
s u r fa c e  o f  s a tu r a te d  z in c  s u lp h a te  s o l u t i o n .
3 0 8
The occu r re nce  o f  B. c o l Î in the  Group 1 g u in e a -p ig s  
was p robab ly  due to  c o n ta m in a t i o n  o f  the  l a r v a l  c u l t u r e  w i t h  
c y s t  forms o f  the  p ro tozoon .  The l a r v a e  were washed by 
repeated se d im e n ta t i o n  and resuspens ion  in c lean  w a te r ,  and 
i t  is p robab le  t h a t  the  c y s t s  were o f  s u f f i c i e n t  d e n s i t y  to  
l a y e r  o u t  w i t h  the  l a rv a e .  The Group 3 inoculum was prepared 
by a l l o w i n g  the  la rv a e  to  s e t t l e  by g r a v i t y  o r  w i t h  the  a id  
o f  a c e n t r i f u g e  and then w i th d ra w in g  the  su pe rn a ta n t  f l u i d  
f o r  i n j e c t i o n .  The c y s t s  would have accumulated in the  
r e j e c t e d  p o r t i o n .
One o t h e r  p o s s i b i l  i t y  e x i s t s .  T h is  is  t h a t  the  
nematode la r v a e  themselves t r a n s m i t t e d  the  p ro tozoon  in a 
manner analogous to  the  c a r r i a g e  o f  Histomonas by H e te r a k is  
(G ib bs ,  1962) o r  Toxoplasma by Toxocara (Hutcheson,  1967; 
Dubey, 1968; Jacobs, 1967).  However, t h e r e  was no e x p e r i ­
mental  ev idence a v a i l a b l e  t o  suggest  t h a t  t h i s  Was the 
case.  In v iew  o f  the  c o n t ro v e rs y  co nce rn in g  nematode 
t ra n s m is s io n  and the  p o t e n t i a l  importance o f  t h i s  phenomenon 
in the  f i e l d  o f  animal  and hurpan d is e a s e ,  an exper imen t  
designed to  c o n f i r m  o r  r e j e c t  the  h ypo the s is  t h a t
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Oesophagostomum may ac t  in t h i s  way would be j u s t i f i e d .
6 . 3 . 7 . Conclus ion
Oesophagostomum i n f e c t i o n s  in g u in e a -p ig s  a re  
c h a r a c t e r i s e d  by the  fo r m a t i o n  o f  subserosa l  nodules 
on the  w a l l  o f  the  caecum and c o lo n ,  and by the  m ig r a t i o n  
o f  l a rv a e  to  o th e r  organs o f  the  body. Larvae do not  
grow nor do they deve lo p  to  the  f o u r t h  stage.
In the  n a tu ra l  h o s t ,  the  nodu les  a re  formed on the  
lumina l  s u r fa c e  o f  the  I n t e s t i n e .  The la r v a e  a re  non- 
m i g r a t o r y ,  undergo the  f i r s t  p a r a s i t i c  moul t  on the  4 th  
o r  5 th  days a f t e r  i n f e c t i o n  and s t a r t  t h e i r  r e t u r n  to  
t h e  lumen on the  nex t  day.
The behav iou r  o f  Oesophagostomum la rva e  in the  
g u in e a -p ig  is thus so abnormal t h a t ,  a l thou gh  some 
i n t r i g u i n g  i n f o r m a t i o n  has been gained f rom the  p resen t  
s tudy ,  t h i s  h o s t - p a r a s i t e  system is  o f  l i t t l e  v a lu e  as 
a l a b o r a t o r y  model f o r  the  s tudy  o f  p o rc ine  oesophagos tomias is
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APPENDIX 1
Table I -  S cottish survey: numbers o f  g a s tro -In te s ttn a t helminths recovered from
Individual porkers during period November. 1964 -  January. 1965
Pig Nos . o f  helm inths
No. T . su is A. suum H. rubidus Oe. dentatum Oe. q u adrisp tnu la tum Others
29 4 3 0 0 0 0
30 0 0 0 2 0 0
35 0 0 0 0 0 0
36 13 0 0
41 66 0 0 164 14 0
42 78 0 0 0 0 0
48 0 0 0 27 1 0
49 8 0 0 0 0 0
55 1 0 0 0 0 0
56 4 0 0 18 0 0
59 0 0 0 0 0 0
60 0 0 0 0 0 0
61 I 1 0 124 89 0
62 17 0 0 173 67 0
63 1 1 0 27 0 0
68 5 0 0 14 0 0
69 0 0 0 7 12 0
70 0 0 0 3 0 0
71 0 1 0 -1 ------------------- 0
72 0 0 0 0 0 0
73 9 0 0 22 53 0
74 4 5 0 77 59 0
75 0 0 0 0 0 0
76 3 11 0 86 116 0
77 3 8 0 197 545 0
APPENDIX 1 (C o n tin u ed )
T a b le  2 -  S c o tt is h  survey; numbers o f  g a s tr o - in te s t  In a l helm inths recovered from  
In d iv id u a l baeoners d u rin g  period-Novem ber, 1964 -  Jan u ary , 1965
Pig Nos , o f  helm inths
No. T . su is A. suun H. rubidus Oe. dentatum Oe, q u a d risp ln u ia tu m , O thers
26 0 5 0 0 0 0
27 0 0 0 0 2 0
28 0 0 0 12 6 0
31 0 0 0 4 4 0
32 0 0 0 5 19 0
33 15 0 0 0 0 0 ..
34 0 0 0 0 0 0
37 0 0 0 0 0 0 .
38 0 0 0 0 0 0
39 2 0 0 0 0 0
4o 0 0 0 0 0 0
43 0 0 0 0 0 0
44 2 0 0 6 0 0
45 0 0 0 6 0 0 ,
46 0 1 0 0 0 0
47 4 7 0 0 0 0
50 0 4 0 0 0 0
51 2 0 0 0 0 0
52 0 0 0 0 0 0
57 0 5 0 3 0 0
58 1 3 0 3 0 0
64 0 0 0 - 3  ------------------- 0
65 1 0 0 0 0 0
66 1 0 0 18 0 0
67 1 0 0 3 0 0
APPENDIX 1 (Continued)
Table 3 -  Scottish survey; numbers o f g a s tro -In te s tin a l helminths recovered from
individual sows during period November, 1964 -  January. 1965
Pig
No.
Nos, o f  helm inths
T . su is  A. suum H. rubidus Oe, dentatum  Oe. q u a drisp lnu ia tum Others
20 5 ,2 0 0
1 0 0 0 0
2 0 0 0 53
3 0 0 15
4 0 0 5 ---------------
5 0 0 120 6 ,2 9 4
6 0 0 0 264
7 0 0 0 4 ,4 4 4
8 0 0 0 59
9 0 0 0 --------------- 1
10 0 0 50 0
11 0 0 5 95
12 5 0 0 15
13 0 3 15 2 .0 4 3
14 0 0 70 755
15 0 0 0 15
16 0 0 0 273
17 0 0 0 115
18 0 0 30 59
19 0 0 20 586









































a x e l : 31 
T. col ubr 1 formis; 158 
T. v itrinust 31
21 0 0 810 1 ,305 0 0
22 0 0 90 1,501 249 0
23 0 0 14 ,878 2 ,4 4 5 0 0
24 0 0 10 0 6 0
25 0 0 0 0 0 0
APPENDIX 1 (Continued)
Table 4 - Scottish survey; numbers o f gastro-intest Inal helminths recovered from 
Individual porkers during period February, 1965 -  A p ril. 1965
Pig Nos. o f helminths
No. T. suis A. suum H. rubidus Oe. dentatum Oe. quadrisplnuiatum Others
101 0 0 0 0 0 0
102 0 1 0 3 0 0
117 0 0 0 ■ 3 0 0
118 1 7 0 0 0 0
119 0 0 0 148 174 0 .
120 0 0 0 0 0 0
12] 0 1 0 35 2 0
122 0 1 0 6 ----------------- 0
123 0 0 0 0 0 0
124 l4 0 0 3 1 0
129 0 2 0 0 0 0
130 0 0 0 6 22 0
131 2 0 0 13 IS 0
132 0 0 0 27 6 0
133 0 0 0 0 6 0
134 0 2 0 3 0 0
APPENDIX 1 (Continued)
Table 5 -  Scottish survey: numbers o f gastro-intestinal helminths recovered from
individual baeoners during period February, 1965 - A p ril, 1965
Pig
No.
Nos, o f helminths
T. suis A. suum H. rubidus Oe. dentatum Oe. quadrispinuiatum Others
125 0 0 0 3 1 0
126 0 1 0 0 0 0
136 0 0 0 0 0 0
137 0 0 0 0 9 0
138 1 0 0 0 0 0
139 0 1 0 0 0 0
140 0 0 0 12 3 0
141 0 0 0 15 39 0
142 0 0 0 0 0 0
143 0 3 0 0 0 0
144 0 3 0 0 0 0
145 0 0 0 0 0 0
146 0 0 0 --------- 1 0
147 0 0 0 51 0 0
148 1 0 0 9 0 0
APPENDIX t (Continued)
Table 6 -  Scottish survey; numbers o f  g a s tro -In te s tin a l helminths recovered from
individual sows during period February, 1965 -  A p r il ,  1965
p .^  Nos. o f  helm inths
No. T . su is  A. suum H. rub idus Oe. dentatum Oe. q u a d risp ln u ia tu m  O thers
87 0 2 1,048 1 .172 236 0
88 0 0 294 1 ,118 242 0
89 0 1 5 .640 574 332 0
90 0 0 0 141 507 0
92 0 0 600 508 82 0
93 0 0 12 4 ,4 3 9 152 0
94 0 0 144 11,797 1 ,449 0
100 0 1 0 5 ,0 9 7 5 ,7 3 5 0
103 90 0 18 714 492 0
104 0 0 48 1 ,6 1 4 999 0
105 9 0 95 ,680 4 ,9 6 2 240 0
106 0 0 1 .200 —  91 — 0
107 0 0 216 1 ,522 162 0
109 0 0 0 —  948 — 0
1)0 0 0 0 0 0 0
APPENDIX 1 (C o n tin u ed )
T ab le  7 ~ S c o tt is h  survey; numbers o f  g a s tr o - in te s t in a l  helm inths recovered from  
in d iv id u a l porkers d u rin g  perio d  May. 1965 -  J u ly . 1965
Pig
No.
Nos. o f  helm inths
T. su is  A. suum H. rubidus Oe. dentatum  Oe. q u a d risp in u ia tu m  O thers
i 50 0 0 0 15 6 0
i 5 1 “ 0 0 " “ 0
152 2 0 0 121 151 0
153 3 0 0   —  3 ------------------- 0
i 73 1 0 0 0 0 0
174 0 0 0 24 0 0
175 0 0 0 0 2 0
176 2 0 0 0 3 0
179 0 2 0 0 0 0
184 0 0 0    1 — - --------------  0
185 0 0 0 0 0 0
186 0 0 0 0 0 0
192 3 0 0 0 3 0
193 0 0 0 3 72 22 0
194 -  0 0 -  -  0
1 9 5 - 1 ” -  -  0
196 -  3 -  -  ” 0
197 -  3 ” *  0
198 ” 4 ” ” 0
199 -  2 -  -  0
APPENDIX 1 (C o n tin u ed )
T ab le  8 -  S c o tt is h  survey: numbers o f  g a s tr o - In te s t in a l  h e lm in ths  recovered from
in d iv id u a l baeoners d u ring  period  May, 1965 -  J u ly , 1965
Nos. o f  helm inths
No. T , suis A. suum H. rubidus Oe. dentatum Oe. quadrispinuiatum Others
160 0 0 0 180 0 0
161 0 0 0 1,528 1,160 0
162 0 0 0 0 0 0
163 77 5 0 . 0 0 0
177 0 0 0 12 0 0
178 2 0 0 3 0 0
180 i 2 0 0 0 0
181 0 9 0 0 0 0
182 6 0 0 0 0 0
183 0 0 0 0 0 0
187 0 1 0 0 0 0
188 0 0 0 0 0 0
189 0 0 0 20 29 0
190 0 0 0 3 ----------------- 0
191 0 0 0 0 0 0
APPENDIX 1 (C o n tin u ed )
T a b le  9 -  S c o tt is h  survey: numbers o f  g a s tr o - in te s t in a l  helm inths recovered from
in d iv id u a l sows d u rin g  perio d  May, 1965 -  J u ly , 1965
Pig
No.
Nos. o f  helm inths
T. su is  A. suum H. rubidus Oe. dentatum Oe. q u a d risp in u ia tu m  O thers
154 0 0 0 0 0 0
155 0 0 0 18 2 0
156 0 0 60 282 298 0
157 0 3 3 ,240 3,331 iOi 0
158 0 0 66 9 ,6 7 8 8 ,0 0 9 0
159 0 0 . 0 633 312 0
164 0 0 24 1,134 117 0
165 6 0 150 921 0 0
166 9 0 - 373 311 0
167 0 1 0 336 8 0
168 24 0 0 3 ,155 2 ,672 0
169 0 0 1,140 123 3 0
170 0 0 0 0 0 0
171 0 0 5,640 456 14 0
172 0 0 4 ,3 2 0 283 76 0
APPENDIX 1 (Continued)
Table 10 -  Scottish survey: numbers o f g a s tro -In te s tin a l helminths recovered from
individual porkers during period August, 1965 -  October, 1965
Pig
No.
Nos, o f helminths
T. suis A. suum H. rubidus Oe. dentatum Oe. quadrispinuiatum Others
216 0 0 0 910 48 0
217 0 0 -  8 I 0
218 33 0 0 0 0 0
219 0 0 0 81 108 0
235 1 0 0 0 0 0
236 4 11 0 3 0 0
237 24 1 -  138 51 0
238 0 3 0 1 0 0
239 0 0 -  0 0 0
240 0 0 0 0 0 0
241 3 2 0 ----------------- 3  —  0
242 0 7 -  14 0 0243 0 2 - 0 0 0
244 1 0 0 0 986 0
245 0 3 0 15 0 0
APPENDIX 1 (Continued)
Table 11 -  Scottish survey; numbers o f gastro-Intest inal helminths recovered from 
individual baeoners during period August, 1965 -  October. 1965
Nos. o f helminths
No. T. suis A. suum H. rubidus Oe. dentatum Oe. quadrispinuiatum Others
205 1 0 0 0 0 0
206 0 2 0 0 0 0
207 1 0 0 0 0 0
208 2 18 - 563 126 0
209 0 0 0 1,797 1 ,067 0
210 0 0 0 3 0 0
211 0 3 0 117 0 0
212 1 0 0 0 0 0
213 - 0 - - - 0
214 0 2 0 0 0 0
215 0 2 0 0 0 0
226 0 0 0 113 22 0
227 1 4 0 38 19 0
228 - 0 0 - 0
229 0 0 0 0 0 0
APPENDIX I (Continued)
Table 12 - Scottish survey: numbers of gastro-intestinal helminths recovered from
individual sows during period August, 1965 October, 1965
Pig . Nos of helminths
No. y suis A, suum H rubidus Oe. dentatum Oe. quadrispinuiatum Others
200 0 0 0 432 82 0
r  201 0 0 0 ---------------- 6 0
202 0 0 0 417 62 0
203 0 0 7.680 2!0 290 0
204 0 0 0 42 2 0
220 35 9 0 11,918 293 0
221 0 i 0 386 787 0
222 i 0 0 97 59 0
223 13 0 0 i.O ii 218 0
224 0 0 0 178 79 0
230 0 0 0 48 22 0
1 231 0 0 0 75 122 0
232 i 0 0 55 20 0
233 0 0 0 9 0 0
234 0 0 432 6.344 4 0
APPENDIX I (Continued)
Table 13 - Scottish  survey: numbers o f Hetastrongy)us apri recovered
from individual pigs during 1965
Month No. baeoners No. sows
Individual worm counts : negative values not recorded
examined examined Baeoners











































































































































*  includes t M. pudendotectus
A P P E N D I X  1 ( C o n t i n u e d )
T a b l e  | 4  -  T h e  d i s t r i b u t i o n  o f  t w o  O e s o p h a g o s t o m u m  s p e c i e s  a l o n g  t h e  I n t e s t  
o f  t h r e e  S c o t t i s h  s o w s .  T h e  n e m a t o d e  p o p u l a t i o n  o f  P 1 5 8  w a s  
u n d e r g o i n g  s p o n t a n e o u s  e x p u l s i o n
P i g  N o . P 9 4 P I 56 P I 58
O e ,  d . O e ,  q . ■ O e .  d O e .  q . O e .  d .  O e .  q .
C a e 1 6 8 252 0 45 8 8  1 , , 3 7 9
1 3 8 1 1 2 0 5 25 36 792
2 7 , 1 1 4 790 6 45 3 6 92
3 1 , 7 1 3 3 5 3 7 92 3 5 1 8 5
4 1 , 9 5 0 0 4 4 34 3 7 1 4 8
5 270 0 45 0 1 0 9 137
6 0 0 34 1 7 449 1 7 5
7 0 0 3 3 0 1,188 112
8 0 0 27 0 2 , 3 5 8 590
9 0 0 18 0 7 9 9 2 2 6
10 0 0 30 0 6 6 7 2 8
11 0 0 1 5 0 6 4 6 29
r e c t u m 0 0 18 0 6 ,928 2 8 8
C a e ss C a e c u m 1 , 2 , 3 e t c ,  =  s e c t i o n s  o f l a r g e  I n t e s t i n e
O e . d .  »  O e .  d e n t a t u m O e . q .  =  O e .  q u a d r I s p l n u l a t u m
A P P E N D I X  1 ( C o n t i n u e d )
Table 15 -  Danish survey: numbers o f  helminths recovered from individual sows
S o w  N o . A s c a r i s T r  I c h u r i s O e .  d e n t a t u m O e .  q u a d r I s p l n u l a t u m
S X  1 0 1 , 7 8 4 5 , 4 9 6
2 0 0 3 . 2 2 3 191
3 2 0 4 , 9 3 0 4 , 3 8 0
4 0 2 0 6 3 0 830
5 0 2 9 3 4
6 - 0 3 , 6 7 0 6 8 0
7 - 0 7 0 1,970
8 0 0 7 , 2 0 0 250
9 0 0 6 , 0 5 0 1 , 4 0 0
1 0 0 0 290 0
11 5 0 2 0
1 2 0 1 7 2 1 6
1 3 0 0 6 ,970 8 , 2 1 0
1 4 - 0 2 ,300 1 , 0 8 0
1 5 0 0 2 8
1 6 - 0 8 ,750 950
1 7 0 0 5,050 450
1 8 - 0 1 , 0 1 0 300
1 9 •* 3 0 1 0 0 30
2 0 0 0 0 2 2 0
2 1 - 0 2 , 3 6 0 5 6 0
2 2 " 0 190 1 0
2 3 1 0 1 , 4 8 0 5 6 0
2 6 - 1 0 8 0 6 0
2 7 - 0 2 , 1 4 0 0
2 8 - 1 0 1 , 2 4 0 1 , 1 8 0
2 9 - 0 8 4 0 0
3 0 - 0 30 1 0
31 - 0 1 0 0
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APPENDIX 2
T a b le  1 -
and Oesophagostomum spp.
(From K o t lan  and Vajda (1939) and A1 i c a ta  (1935) ) .
H. r u b i dus Oesophagostomum spp.
Length: 780 -  850 p.
715 -  736 p
560 -  600 p 
500 -  532 p
Bread th : 24 -  26 p
22 p 2 )
28 -  - 30 p
22 -  26 p
Appearance o f  
c u t  i d  e: f i n e l y  s t r i a t e d c o a r s e l y  s t r i a t e d
T a i l  3 ) : d i g i t i f o r m  process rounded p o i n t
Movement: ve ry  a c t i v e ,  can swim
comparât  i ve l  y 
s l u g g i s h ,  does 
not  swim
1) K o t la n  and Vaj da
2) A] i ca ta
3) “ T a i l "  r e f e r s  to  the  la r v a  i t s e l f  wh ich  l i e s , w i t h i n  the
c u t i c l e  shed a t  the  second m o u l t .  . .
APPENDIX 2 (Continued)
T a b le  2 -  Egg-counts from sows on Farm B
Sows -
weeks 
o f  pregnancy
No. 's t ro n g y le ' eggs per 
gramme faeces
No. o f  
Samples
Average
e .p .g .
100 0 100 100 50 50
0 100 0 1 ,300 0 0
0 200 0 0 0 200
0 1,200 0 300 0 100
800 0 200 2 ,0 0 0 900 1,300
0 500 0 0 100 300 85 480600 0 200 500 700 0
0 1 ,000 0 0 100 0
1 ,900 0 300 0 0 0
100 600 600 0 0 400
0 3 ,200 400 600 2 ,900 200
900 0 0 300 1,700 400
2 ,1 0 0 3 ,200 100 200 0 0
1,000 0 2 ,1 0 0 100 3 ,000 1,800
Sows -




16th week o f  
pregnancy






1 ,900  


















2 ,7 0 0
26 1,731
Sows -
1st week a f t e r  











1 ,200  
800 
1 ,000  
800 


















2nd week a f t e r  











8 ,4 0 0
2 ,5 0 0
0
200
















3rd Week a f t e r  
p a r tu r it io n
2 ,7 0 0
3 ,000
0
2 ,2 0 0
100
3 ,200
1 ,400  
800 
2 ,8 0 0





3 .700 15 2 ,9 8 7
Sows -
4 th  week a f t e r  










2 ,2 0 0










20 2 ,8 6 5
APPENDIX 2 (Continued)
Table 2 (Continued)
No. 's t r o n g y le ' eggs 
g ramie faeces
per No. o f  
Samples
Average
e .p .g .
Sows -
5 th  week a f t e r  
p a r tu r it io n









5 .7 0 0





2 ,9 0 0
5 ,2 0 0
2 ,3 0 0
18 3 ,4 6 7
Sows -
6 th  week a f t e r  
p a r tu r i  t ion
2 ,4 0 0
1,200
1,900  
8 ,0 0 0
300
2 ,1 0 0
10,400
0
8 ,4 0 0  
1 ,000
2 ,2 0 0
400 12 3.192
Sows -
7 th  week a f t e r  
p a r t u r it io n
200 30,600 0 34,500 4 ,2 0 0 100 6 11,600
Sows -
8 th  week a f t e r  
p a rtu r  i t ion
600 900 2 750
Sows -
9 th  week a f t e r  













p ig le ts  -
up to  1 week o ld 0 0 0 0 4 0
p ig le ts  -















P ig le ts  -





















P ig le ts  -















P ig le ts  -















P ig le ts  -




















p ig le ts  -
























up to 8 weeks old 0 0 0 0 0 0 6 0
300 0 0 0 0 0
ICO 300 0 0 0 100
0 0 0 0 0 0
1,300 0 0 0 0 0
100 0 0 0 0 0
0 0 100 0 0 0
0 100 0 0 0 0
0 0 0 0 0 0
400 0 0 0 0 0
Fatteners - 0 to o 0 0 0 0
8 weeks-5 months 0 t o o 0 0 0 0 128 1 14
0 0 200 0 0 0
0 0 0 6,000 100 100
100 0 600 1, 100 0 0
0 0 200 0 0 0
500 0 200 100 0 500
0 0 0 0 0 300
100 0 100 0 0 0
0 0 0 0 0 100
0 0 0 to o 0 0
0 0 0 z o o 0 t o o
0 900
APPENDIX 2 fC ontinued)
T a b le  3 -  Egg-counts from sows on Farm C
No. ' s tro n g v le ' eggs per 
gramme faeces
No. o f  Average  
Samples e .p .g .
Sows -
| s t - l 4 t h  weeks 
o f  pregnancy
50 100 100 50 200 100
300 0 0 0 200 100
0 0 0 200 500 300
0 300 0 0 0 400
0 200 0 0 0 0
0 0 0 100 0 0
0 0 100 0 0 0
0 300 0 0 0 0 107 301
300 0 0 0 100 200
0 0 0 0 0 700
ICO 900 2 ,2 0 0 1 ,400 300 50
400 300 300 200 0 700
ICO 3 ,5 0 0 0 600 800 800
. 300 300 500 200 500 200
. 900 1,600 1,600 0 0 0
800 0 0 0 0 700
100
Sows -
15th week o f 7002 .7 0 0














Sows - 300 300 0 300 800 1,200
1st week a f t e r 800 100 500 900 1 ,100 500 13 538
p a r tu r 11 ion 200
Sows -
2nd week a f t e r 1001,700
400 2 ,7 0 0 100 700 4 ,5 0 0 8 1,275
p a rtu r  i t  ion
Sows -
3rd week a f t e r  














4 th  week a f te r  














5 th  week a f t e r  









5 ,5 0 0 100 10 1,250
Sows - 0 0 0 1,800 2 ,7 0 0 0
6 th  week a f t e r 300 400 0 0 300 100 14 407
p a r tu r  i t  ion 0 100
APPENDIX 2 ( C o n t i n u e d )
T a b l e  3 (C o n t i n u e d )
No, ' s tro n g v le ' eggs 
gramme faeces
per No. o f  
Samples
Average
e .p .g .
Sows -
7 th week a f t e r  













8 th  week a f t e r  





800 100 500 200 8 613
Sows -
9 th  week a f t e r  




















P ig le ts  -
up to  2 weeks o ld 0 0 0 3 0
P ig le ts  -
up to  4 weeks o ld 0 0 0 0 0 5 0
P ig le ts  -
up to  5 weeks o ld 0 0 0 100 0 0 6 17
P ig le ts  -
up to 6 weeks o ld 0 0 0 0
4 0
P ig le ts  -





0 100 100 0 8 25
P ig le ts  -
up to 8 weeks o ld 0 0 0 0 0 5 0
P ig le ts  -
up to 9 weeks o ld 0 200 0 0 0 5
4 0
F a tte n e rs  -  
9 weeks -  5 months
0 0 2 ,3 0 0 0 200 100
0 100 100 100 0 0
to o 0 0 200 0 0
0 200 200 0 0 0
0 0 0 0 0 100
400 0 0 0 0 100
0 600 0 0 0 100
300 0 0 0 t o o 0
100 0 300 0 0 100
0 300 100 0 300 200
7 ,200 200 300 300 0 12,700
400 100 0 500 3,100 0
0 0 0 0 0 0
0 0 0 0 0 0
0 0 0 0 0 0
200
700
0 0 300 0 0
96 341
APPENDIX 2 (Continued)
Table 4 -  Egg-counts from sows on Farm EC
Reproductive
Status
No. 'strongyle' eggs 
gramme faeces























2,400 ' 17 8,100
Sows -





























































































































































































































Re product ive 
Status
No. •strongyle' eggs 
gramme faeces













































































































l6th week after  
service
2,000 


















APPENDIX 2 (C ontinued)
T a b le  5 -  ' S t r o n g y l e ' eg g -co u n ts from Sow HJK 52
Date Average  e . p . g . D a te Average  e . p . g .
1265
3 . I t 75 10 .2 600  { +  175 A.  suum)
4 .11 150 1 5 .2 4 , 2 0 0
8 .11 50 1 7 .2 7 .7 2 5
11.11 125 ( +  8 .  c o l i ) 2 1 . 2 13 ,800
12,11 100 ( +  8 ,  c o l i ) 2 4 . 2 9 , 9 0 0
13,11 100 2 8 . 2 7 ,9 2 5
15.11 250
16.11 300 3 . 3 2 , 0 0 0  ( +  125 A.  suum +
17.11 100 B. co l  1)
18.11 125 7 . 3 5 . 3 2 5  ( +  225 A .  suum +
22 .11 650 o o c y s ts )
2 3 .11 400 10 .3 4 . 1 0 0  ( +  125 A. suum)
24 .11 175 14 .3 1 5 .9 7 5  ( +  25 A.  suum +
25 .11 275
25 T .  s u i s )
26 .11 200 1 7 .3 1 .3 7 5  { +  150 A. suum)
2 1 . 3 19 ,450  ( +  75 A. suum +
2 . 1 2 25 { +  25 A.  suum) 25 T. s u i s )
6 . 1 2 175 { +  25 A.  suum) 2 4 . 3 5 ,8 5 0  ( +  25 A,  suum)
9 . 1 2 50 ( +  650 A.  suum) 2 8 . 3 5 ,1 0 0
13 .12 3 .2 2 5  ( +  175 A .  suum) 3 1 . 3 15 ,200  (WEANED)
2 0 . 1 2 150 ( +  200 A.  suum)
2 3 .1 2 1 ,350  { +  475 A. suum) 4 . 4 17 ,900
2 7 .1 2 2 . 1 2 5  ( +  175 A .  suum) 6 . 4 6 , 5 5 0  (ON HEAT?)
3 0 .1 2 2 , 7 2 5  { +  275 A. suum) 1 2 .4 650
1 5 . 4 550
1966 1 8 .4 450
2 1 . 4 900
3.1 2 , 2 2 5
10.1 1 .850  ( +  300 A. suum)
2 2 . 4 900
15.1 4 , 2 5 0  ( +  75 A, suum)
2 5 . 4 225
17.1 5 .7 5 0  ( +  650 A. suum) 2 8 . 4 250  ( +  50 T .  s u i s )
20 .1 1 .125 2 9 . 4 550 (ON HEAT?)
24 ,1 925  ( +  175 A. suum) 3 0 . 4 2 , 9 2 5
27 .1 9 , 0 7 5  ( +  200  A. suum)
31 .1 7 .0 7 5  ( +  175 A.  suum) 1 .5 2 , 9 7 5
4 . 5 350
3 . 2 1 ,750  (FARROWED) 7 . 5 1 ,6 5 0  ( +  o o c y s ts )
7 .2 1 .9 5 8  ( +  125 A.  suum) 12 .5 850 ( +  o o c y s ts )
APPENDIX 2 ( C o n t in u e d )
T a b l e  6 -  ' S t r o n g y l e *  e g g -c o u n ts  from Sow HJK 53
D a te  A verage  e . p . g . D a te  A verag e  e . p . g .
i5i5
2 .1 1  4 , 5 0 0  2 8 . 1 2  175
3.11 2 ,9 2 5  2 9 . 1 2  300
4 .1 1  1 0 ,6 2 5  3 0 . 1 2  225
8 .1 1  1 ,7 0 0  3 1 .1 2  100
11.11 800
12.11  1 ,4 2 5  -1 2 ^
13.11  575 3 .1  100
15.11  825  10.1  250 ( +  25  T .  s u i s )
16.11 700 11.1  400
17.11  675 12.1  625  ( +  50 T .  s u i s )
18.11 450  13.1 425
2 2 .1 1  550  14.1  825  (OESTRUS)
2 3 .1 1  800  17.1 1 ,2 2 5  (OESTRUS)
2 4 .1 1  1 ,3 5 0  18.1  1 ,3 0 0  (OESTRUS)
25 .11  2 .0 2 5  ( +  25  T .  s u i s ) 19.1  600
26 .11  1 ,9 2 5  20 .1  275
2 9 . l t  1 ,9 5 0  21 .1  175
30.11  1 ,9 0 0  (FARROWED AND 2 4 .1  275
WEANED) 2 5 .1  500
1 .1 2  1 ,3 7 5  26 .1  275
2 .1 2  1 ,3 0 0  27 .1  300 ( +  25  T .  s u i s )
3 .1 2  1 ,4 2 5  28 .1  225
6 .1 2  975 31 .1  275
7 .1 2  925  ( +  25  T .  s u i s )
8 . 1 2  225  ( +  25  T .  s u i s ) 1 .2  300
9 . 1 2  825 ( +  25  T .  s u i s ) 2 , 2  75
10 .1 2  1 ,3 2 5  3 . 2  200
1 3 .1 2  350 4 . 2  275
1 4 .1 2  25  7 . 2  275
1 5 .1 2  150 8 . 2  400
2 0 .1 2  25  ( +  25  T .  s u is  +  9 . 2  25
B. col  I )
2 1 . 1 2  100 1 0 .2  75
2 2 .1 2  0 11 .2  75
2 7 . 1 2  200  1 5 .2  950
I APPENDIX 2 (C o n t in u e d )
T a b l e  6 (C o n t in u e d )
I D a te  A ve ra g e  e . p . q . D a te  A ve ra ge  e . p . g .
I 1 6 .2  375 ( +  25 T.  s u i s )  1 8 . 4  775
i 1 7 .2  275  1 9 . 4  1 ,2 5 0
1 8 .2  725 2 0 . 4  2 , 3 5 0
2 1 . 2  550  2 1 . 4  2 ,0 2 5
2 2 . 2  675 2 2 . 4  1 ,9 7 5
2 3 . 2  1 ,1 5 0  2 5 . 4  625
I 2 4 . 2  625 2 6 . 4  1 ,8 7 5  (GONAOOPLEX)
I 2 5 . 2  25  2 7 . 4  550
2 8 . 2  100 2 8 . 4  225
I 2 9 . 4  175
i 1 .3  50 ( +  25 T .  s u i s ) 3 0 . 4  325
2 . 3  0 ( +  25  A. suum)
3 . 3  0 1 .5  525
7 . 3  400  ( +  o o c y s ts )  2 . 5  550
! 8 . 3  575 3 . 5  300
I  9 . 3  975  4 . 5  325
! 1 0 .3  2 , 2 2 5  5 . 5  300
1 4 .3  2 , 3 5 0  7 .5  525
I 1 5 .3  2 ,5 2 5  9 . 5  350
! 1 6 .3  325  1 2 .5  825
1 7 .3  125 1 5 .5  400
2 1 . 3  200  1 8 .5  1 ,1 0 0
2 2 . 3  400  2 0 . 5  1 ,3 0 0
: 2 3 , 3  175 2 4 . 5  350
2 4 . 3  50 2 5 . 5  400
2 8 . 3  1 ,5 2 5  2 6 . 5  475
2 9 . 3  1 ,0 5 0  2 7 . 5  2 , 5 2 5
I  3 0 .3  1 ,0 7 5  2 8 . 5  1 ,2 5 0
j  3 1 . 3  1 , 0 5 0  3 0 . 5  1 , 7 5 0
3 1 .5  1 ,6 5 0
4 . 4  450
I 5 . 4  425
j 7 . 4  200  1 .6  1 ,5 2 5
I 1 2 .4  75 2 . 6  2 , 5 0 0
I 1 3 . 4  225  3 . 6  2 , 0 7 5
1 5 . 4  . 875  6 . 6  3 .2 0 0  ( +  25  T .  s u i s )
APPENDIX 2 (C o n t in u e d )






16 . 6  
20 .6  
2 1 . 6  
22 .6
2 3 . 6
2 4 . 6
2 7 . 6
2 8 . 6
2 9 . 6
3 0 . 6
A v e r a g e  e . p . g .
4 .9 7 5  
950  
1 ,350  
975  
1 .650  
3 ,7 0 0
1 .3 7 5  
650  
875
1 .3 7 5  
5 ,8 5 0  
1 ,1 7 5
5 , 1 0 0
400  ( +  o o c y s ts )


























2 0 . 7
2 1 . 7
23.7
2 4 . 7
25-7
2 6 . 7
27.7
2 8 . 7
31.7





















1 , 1 0 0
A P P E N D I X  2  ( C o n t i n u e d )
T ab le  7 -  C asua l ty  sows s la u g h te r e d  a t  
^K o d fo d e r f a b r i k k e n  S jae l land^
Post  mortem r e p o r t s  suppled by C h ie f  V e t e r i n a r i a n  
U- B ie r in g -S e re n s en
Sow No.
SX2 Pregnant  f o e tu s  15^8 cms, long# Uraemia,
SX3 M e t r i t i s  f o l l o w i n g  d i f f i c u l t  f a r r o w in g ,
SX4 Pro lapsed u te ru s ,
SX5 Pregnant ,  f o e tu s  19%6 cms*. long,  'H e a r t  f a i l u r e '
a s s o c ia te d  w i t h  muscle d e g e n e ra t io n .
3X8 'H e a r t  f a i l u r e '  d u r i n g  p a r t u r i t i o n .
SX9 'H e a r t  f a i l u r e '  a f t e r  p a r t u r i t i o n ,
SXIO Haemorrhage f rom sp leen  soon a f t e r
p a r t u r i t i o n ,
SXl l  P regnant ,  f o e tu s  32 cms. long,  'H e a r t  f a i l u r e '
a s s o c ia te d  w i t h  muscle d ege ne ra t ion *
SX12 'H e a r t  f a i l u r e '  d u r in g  p a r t u r i t i o n .  F a t t y  l i v e r ,
SX13 'H e a r t  f a i l u r e '  d u r in g  p a r t u r i t i o n ,
SX15 M e t r i t i s ,  Foetuses dead and decomposing,  bu t
f u l l y  formed,
SX17 'H e a r t  f a i l u r e '  d u r i n g  p a r t u r i t i o n *
SX20 Post  o p e r a t i v e  shock a f t e r  Caesar ian  s e c t i o n ,
SX23 'H e a r t  f a i l u r e '  d u r in g  p a r t u r i t i o n .  Pulmonary
oedema.
APPEN DIX 2 ( C o n t i n u e d )
T a b l e  8  -  F e c u n d i t y  o f  f e m a l e  O esopha gostomum
From n o n -p reg n an t  sows
Sow No, ' S t r o n g y le '  e . p . g .
No. o f  female  
worms
Fecund 1 tv 
i ndex*
SX 16 3 ,9 0 0 4 , 9 0 0 0 . 8 0
SX29 1,200 2 . 2 0 0 0 . 5 5
SX2I 1 ,000 2 , 0 8 0 0 . 4 8
SX 6 1 , 100 2 , 0 3 0 0 . 5 4
SX28 1 .600 1 ,980 0 . 8 !
SXI4 1 ,000 1.740 0 . 5 8
SX2 7 450 1,260 0 . 3 5
SX 7 500 930 0 . 5 3
SX I8 1 ,000 360 2 . 7 8
SX22 300 130 2.31
SX3I 250 130 1.92
SXI9 300 70 4 . 2 9
SX26 50 60 0 . 8 3
SX30 100 20 5.00
SX24 0 0 -
Average 917 1 ,192 -
From p a r t u r i e n t  sows
SXI3 400 7 ,760 0 . 0 5
SX 3 5 ,7 0 0 4 , 8 9 0 1 .1 7
SX 9 2 ,9 0 0 3 ,950 0 . 7 3
SX 8 5 .5 0 0 3,825 1 .4 4
SX 17 1,300 3 ,1 5 0 0.41
SX 2 i , to o 1 ,813 0.61
SX23 100 1 ,220 0 .0 8
SX 4 500 900 0 . 5 6
SXIO 200 160 t .25
SX20 to o 70 1 .4 3
SX 5 to o 4 9 2 . 0 4
SXI2 0 14 -
SX 15 0 2 -
SXI 1 0 0 -
Average 1 .279 1 ,841 -
Fecund 11 index = ' S t r o n g y le '  e . p . g . 
No. o f  female  worms
APPENDIX 2 (C o n t in u e d )
T a b l e  9 ~ Length  o f  fe m a le  worms





A ve ra g e  l e n g t h *  No.
Oe. q u a d r i s p i nul atom  
measured Average  l e n g t h *
SX 1 54 4 5 . 8 4 125 4 4 . 2 8
SX 6 159 3 2 .8 8 39 3 6 .1 3
SX 7 5 3 4 . 8 77 3 6 .5 3
S Xl4 61 3 9 .8 9 26 4 1 . 4 2
5X16 86 4 4 . 2 0 7 37.71
SX18 29 4 1 . 4 5 7 4 2 . 1 4
SX19 5 3 8 .0 0 - -
SX21 20 2 9 . 5 5 4 3 0 .2 5
SX22 12 2 1 . 3 3 - -
SX26 3 2 6 . 6 7 3 2 9 . 6 7
SX2 7 63 4 2 . 3 2 - -
SX28 53 4 1 . 4 2 45 3 9 .1 8
5X29 45 3 3 . 3 8 10 3 9 .1 0
SX3I 13 2 9 . 6 9
From p a r t u r i e n t  sows
SX 2 192 4 2 . 1 0 12 3 5 .4 2
SX 3 279 4 0 . 9 3 178 3 9 .5 7
SX 4 41 4 0 . 9 8 48 4 2 . 6 9
SX 5 15 5 4 . 8 0 14 43 .71
SX 8 59 4 5 .4 1 - -
SXIO 12 4 6 . 6 6 - -
SX12 - - 4 4 1 , 2 5
SX13 56 3 3 . 8 8 117 3 8 ,1 5
SXI 7 52 4 4 . 5 6 6 4 0 . 8 3
SX20 - - 7 4 6 . 5 7
5X23 41 3 7 . 8 8 14 3 7 .7 2
measured in o p is o m e te r  u n i t s  (45  u n i t s  = 10 mm.),
A P P E N D I X  2  ( C o n t i n u e d )
Tab le  10 -  S t a t i s t i c a l  a n a l y s i s  o f  compar ison between 
Oesophagostomum spp. p o p u la t i o n s  f rom non-p regnant  
and p a r t u r i e n t  sows
The f o l l o w i n g  is an E ng l ish  t r a n s l a t i o n  o f  a r e p o r t  
prepared by Mr. Nergaard and Miss Ger lov  o f  the S t a t i s t i c s  
U n i t  o f  the  Danish Meat Research I n s t i t u t e .  1 am most ■ 
g r a t e f u l  f o r  t h e i r  c o - o p e r a t i o n .
) S tud ies  on the  r e l a t i o n s h i p  Fecund i t y  Index: Numbers 
o f  female worms.
The s c a t t e r  o f  the  r e s u l t s  f rom the  Ortved  s e r i e s  Is 
g r e a te r  than the  R o s k i l d e ,  i . e .  the  Ortved females can 
lay  more eggs bu t  do no t  I n v a r i a b l y  do so.
2) No s t a t i s t i c a l  d i f f e r e n c e  in the  leng ths  o f  Oe. dentatum 
and Oe. q u a d r i s p ln u la tu m  females cou ld  be shown, but  the  
v a r i a t i o n  w i t h i n  the  groups was so g re a t  t h a t  i t  was not  
thought  w ise  to use Oesophagostomum spp. f o r  f u t u r e  
c a l c u l â t  ions.
3) Oe. dentatum females f rom Ortved  a re  longer than those 
from R o s k i ld e  (p < 0 .0 1 ) .
4) There was a s i m i l a r  tendency f o r  Oe. q u a d r i s p ln u la tu m  
females but  t h i s  was not  s t a t i s t i c a l l y  s i g n i f i c a n t .
5) The exam ina t io n  o f  a f u r t h e r  20 sows would be d e s i r a b le ,
APPENDIX 4
Tab le  1 -  The faecal  's t r o n g y le '  egg-counts o f  sows t re a te d  w i t h  th ia bendazo le  
plus picadex one week b efore  p a r t u r i t i o n
No. ' s t r o n g y le '  eggs 
gramme faeces
per No. o f  
Samples
Average
e . p . g .
Sows -
1s t - l 4 t h  weeks 
o f  pregnancy
See Appendix 2 ,  T a b le  4.
Sows -










1 .9 0 0  
t . t o o
1,200
2 7 . 9 0 0
6 ,100




7 ,3 0 0
4 ,3 0 0
9 .100
2 7 , 2 0 0
2,100
15,800






















9 . 3 0 0
9 0 0
2 9 , 6 0 0
100
4 ,3 0 0
16,600
4 , 7 0 0
600 2 3 8 ,2 8 4
Sows -
1st week a f t e r  













7 0 0  
1 ,400 14 1 ,7 3 6
Sows -
2nd week a f t e r  














3rd week a f t e r  








2 , 9 0 0
200
0
2 ,3 0 0
0
500
0 14 4 5 0
Sows -
4 th  week a f te r  





0 0 700 1 ,3 0 0 8 3 5 0
Sows -
5th  week a f t e r  




2 ,3 0 0
400 
1 ,9 0 0
0
0
6 , 5 0 0 1 ,3 0 0 10 1 ,6 7 0
Sows -
6 th  week a f t e r  
p a r t u r 1t Ion
3 00
0




10,200 0 1 ,000
9 1,367
Sows -
7th week a f t e r  





400 400 100 10,700 8 2 ,263
Sows -
8 th  week a f t e r  
p a r t u r I t l o n
400 3 .9 0 0 600 0 4 1 2 2 5
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APPENDIX 4 (Continued)
T a b le  3 ~ A comparison o f  the  p r o d u c t i v i t y  (measured in terms o f  l t t t e r - s ! z e  
and grow th  r a t e )  o f  sows g iv e n  a s i n g l e  p r e - n a t a l  t re a tm e n t  o f  1 . 4 4  q . 










At  b i r t h .  
L i t t e r  
Weight  
1 bs.







L i t t e r  
Weight  











1 A 14 43 20 13 130 55 11 360
2 8 11 36 18 10 102 53 9 326
3 F 12 32 21 10 80 57 8 230
A * F 8 24 24 t o 140 59 10 476
5 C 16 42 21 11 121 56 1 1 415
6 8 10 28 19 8 70 54 6 117
7 D 13 34 19 9 111 54 9 313
8 E 12 38 18 10 76 53 10 267
9 E 14 42 18 1 1 114 53 11 337
10 F 12 30 22 11 112 55 11 396
11 B 12 28 22 9 76 55 7 169
12 F 10 30 22 8 78 57 6 177
13 F 10 28 21 8 77 56 8 242
l4 D 9 36 19 9 I 0 4 54 9 360
15* F 7 26 18 8 101 53 8  . 314
16 F 8 28 19 8 89 54 8 314
17 E 9 30 24 8 70 59 6 164
IS B 11 32 23 10 136 58 9 364
19 F 12 28 21 10 68 56 7 . 201
TREATED SOWS
21 C 14 38 24 10 130 59 10 452
2 2 * B 12 30 24 10 108 59 10 3 7 0
23* A 9 31 20 10 106 56 9 288
24 B 13 34 24 10 120 59 10 379
25"- A 11 36 21 13 138 56 12 381
2 6 * E 7 24 22 8 90 57 7 2 7 6
27 F 10 28 19 10 112 54 10 3 8 9
28 A 11 28 18 10 104 53 9 3 2 7
29 B 14 32 22 12 104 57 8 2 2 5
30 8 12 36 22 9 126 57 9 446
3) A 1 1 26 21 11 97 56 11 346
3 2 * * B 12 34 22 10 88 57 9 214
33 C 13 48 21 12 158 56 12 539
34 F 9 22 20 5 35 55 5 162
35 B 9 26 18 8 56 53 6 1 3 5
36 A 11 28 18 9 76 53 9 2 3 8
37 E 11 32 24 8 80 59 8 2 9 6
38 * A 5 20 23 6 68 58 6 169
39 C 16 32 21 9 84 56 9 261
in c lu d e s  p igs  f o s t e r e d  from dams o f  th e  same group  
dam t r e a t e d  w i t h  a n t i b i o t i c s
APPENDIX 5
Tab le  1 -  Method f o r  the  s e p a ra t io n  o f  albumen 
f rom the  serum o f  p iqs  f o r  the  albumen 
t u r n o v e r  expe r im en t^ (E xpe r im en t  5 . 2 . )
1) Anhydrous sodium s u lp h a te  was added to  the  serum u n t i l  a 
c o n c e n t r a t i o n  o f  18% was reached.
2) When a l l  the  Na^SO^^ was d i s s o l v e d ,  g l o b u l i n s  were p r e c i p i t a t e d ,
3) The su pe rn a ten t  was poured ' o f f  and more NagSOr added to
b r i n g  the  c o n c e n t r a t i o n  up to  12%, More g l o b u l i n  
p r e c i p i t a t e d .
4) The su pe rna ta n t  was d ia l y s e d  a g a in s t  0,85% sodium c h l o r i d e  
s o l u t i o n  o v e r n i g h t .
5) I f  no su lp h a te  rem a ined (ca lc ium  c h l o r i d e  t e s t ) ,  p u r i t y  o f  
a lbumin s o l u t i o n  checked by c e l l u l o s e  a c e ta te  e l e c t r o -  
phores i s .
A P P E N D I X  5 ( C o n t i n u e d )
Tab le  2 -  Method f o r  the  l a b e l l i n g  o f  p ig  albumen 
w i t h  r a d i o - i o d i n e  ( a f t e r  M c F a r la n e ,■1958) 
f o r  the  albumen tu r n o v e r  exper im en t  
(Exper iment  5 . 2 . )
Reagents
1) Iod in e  m onoch lo r ide .  S o l u t i o n  c o n t a i n i n g  0 .42  m g . I /m l .
X2) R a d i o - a c t i v e  io d in e .  C a r r i e r - f r e e  r a d i o - i o d i n e  as Na 1
f r e e  f rom t h i o s u l p h a t e ,
3) G ly c in e  b u f f e r  A pH 8 ,5 :  9 m l . molar  g l y c i n e  in M/4
NaCl s o l u t i o n  + 1 m l . N.NaOH.
4) G ly c in e  b u f f e r  B pH 9 .0 ;  8 ml.  molar  g l y c i n e  in M/4
NaCl s o l u t i o n  + 2 m l . N.NaOH.
Method
1) Add 1 ml . g l y c i n e  b u f f e r  B to  2 m l . o f  serum albumin
( a p p r o x im a te ly  2% s o l u t i o n ) .
X2) To 0 .5  ml . o f  an ICI s o l u t i o n  c o n t a i n i n g  12.0 [ic I ,
add 1 ml .  g l y c i n e  b u f f e r  A and immediate ly  add to  
the  b u f f e r e d  p r o t e i n  s o l u t i o n .
3) Add c a r r i e r  a lbumin  ( i n  t h i s  in s tance  bov ine  a lbumin
was used) to  b r i n g  a c t i v i t y  below 5 M-c./mg.
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125Table  3 -  Weights o f  I - l a b e l  led a lbumin  s o l u t i o n  
( a p p ro x im a te ly  2%) i n j e c t e d  i n t o  each p ig  
( Exper iment  5 . 2 . )
Pig No.
1234 -  5.1962 gm.
1233 -  4.7547 gm.
1237 -  11.3336 gm.
1235 -  11.2272 gm.
1238 -  15.745 gm.
1236 -  17.120 gm.
Weights o f  ^^^ l -PVP s o l u t i o n  (1.21%) i n j e c t e d  in t o  
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T ab le  4 -  The b u f f e r  s o l u t i o n  used f o r  the 
e l e c t r o p h o r e t i c  s e p a ra t io n  o f  
serum p r o te in s
B a rb i to n e  7,36 gm.
Sodium Barb I tone 41 .2  gm.
Make up to  4 I i t r e s
Add 20 m l . 5% thymol in is op ropy l  a lcoho l .
APPENDIX 5 (Continued)
Tab le  5 -  An example o f . t h e  mathematlc t reatm ent o f
the data  c o l le c te d  from the albumen turnover
exper iment (Experiment 5 . 2 . )
Pig i 2 3 3 ( C o n t ro l )
T o ta l  in je c te d  a c t i v i t y ;
Weight o f  sy r in g e  c o n ta in in g  albumin s o lu t io n ;  14.8870 gm.
Weight o f  sy r inge  a f t e r  albumin in je c te d  In to  pig:  9 .6 9 0 8  gm.
Weight o f  albumin s o lu t io n  i n je c te d  in to  pigs:  5 .1962 gm.
Weight o f  albumin s o lu t io n  used to make standard ;  1.3593 gm.
Made up to 250 m l .
A c t i v i t y  o f  standard ;  3029 c t s . / s e c . / m l .
To ta l  standard a c t i v i t y  = 3029 x 250 = 757,250 c t s , / s e c .
To ta l  in je c te d  a c t i v i t y  = 757.250 x 5 .1962 ■ 2 .8 9 4 .7 4 2  c t s . / s e c ,
1.3593
Plasma volume:
Ten minute plasma a c t i v i t y :  2860 c t s , / s e c .
Plasma volume = 2 .8 9 4 .7 4 2  => 56 .2  ml . / k g .
2860 X 18
in t ra v a s c u la r  albumin p o o l :
Serum albumin co n cen t ra t io n :  3.11 gm.%
tn tra v a s c u la r  albumin pool «  56 .2  x 0,0311 “  1.75 gm./kg.
T o ta l  body albumin p o o l :
Po s it io n  o f  in te rc e p t  ' c . '  on e x t ra p o la t e d  plasma disappearance  
curve  ( F ig ,  5 . 1 . ) :  0 .5 0
T o ta l  albumin pool = 1 .75  °  3 .50 gm./kg.
0 . 5
E x trava scu la r  albumin p o o l :
Extravascul  a r  albumin pool ■= 3- 50 -  1.75 “  1.75 gm./kg.
Thus; _EA 
CA 1.00
Apparent  plasma h a l f - l i f e ;
Apparent  plasma h a l f - l i f e  = 262 hrs ,  = 10.92  days. ( F ig .  5 . 1 . ) .
F ra c t io n a l  c a t a b o l i c  r a t e  (Matthews method) ;
P o s it io n  o f  second i n te rc e p t  ( ' c _ '  -  F ig .  5 . I . ) .  0 .3 2
Apparent h a l f - l i f e  o f  second curve:  10 hrs.  = 0 .4 2  days.
Gradient  o f  f i r s t  exponent ia l  curve  «  0 .6 9 3  _10.92 ° o.ot>34
Gradient  o f  second curve ■ 0 .6 9 3  , ,oiW^  - 1.7
F ra c t io n a l  m etabo l ic  r a te  -  1ÔTSÔ + Ô3Z 
075534 1.7
0 . 12
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T a b l e  6  -  T h e  m a t h e m a t lc  t r e a t m e n t  o f  d a t a  c o l l e c t e d  f ro m  
P ig  123 3 ( c o n t i n u e d  From A p p e n d i x  5 ,  T a b l e  5 ) -  
C a m p b e l l ' s  method
Day Ur 1 ne Counts
Faeces
Counts U +  F
Plasma
Counts QpXVp
U + F 
Qp X Vp
U F Qp K
a b s o lu te
d e g ra d a t io n
r a t e
0 9 0 ,0 00 680 9 0 ,6 8 0 2 ,8 6 0 2 , 89 4 ,3 2 0 0 .031 0 .0 5
1 144 ,430 17,000 161,430 1 ,4 8 7 1 ,5 0 4 , 8 4 4 0 .1 1  ■ 0 .1 9
2 137 ,000 1 4 ,6 04 1 51 ,6 0 4 1 ,287 1 , 3 02 ,4 4 4 0 . 1 2 0 .21
3 8 6 ,8 0 6 7,901 9 4 ,7 0 7 1 ,173 1 ,1 8 7 , 0 7 6 0 . 0 8 0 . 1 4
4 7 0 ,6 79 7 ,6 8 4 78 ,3 63 1 ,115 1 ,1 2 8 ,3 8 0 0 .0 7 0 .1 2
5 6 0 ,0 3 7 6 ,7 8 0 6 6 ,8 1 7 1 ,0 3 0 1 ,0 4 2 , 3 6 0 0 . 0 6 0 ,11
6 8 2 ,3 7 2 2 ,7 8 2 8 5 1 ,1 5 4 972 9 8 3 , 6 6 4 0 . 0 9 0 . 1 6
7 5 4 .2 6 7 6 ,8 6 2 6 1 ,1 2 9 915 9 3 5 ,9 8 0 0 . 0 7 0 .1 2
8 5 8 .072 6 ,171 6 4 ,2 4 3 858 8 6 8 ,2 9 6 0 . 0 7 0 .1 2
9 4 6 ,2 9 7 6 ,0 2 5 5 2 .3 2 2 801 8 1 0 ,6 1 2 0 .0 7 0 .1 2
10 5 3 ,4 7 0 4 ,8 6 6 5 8 ,3 3 6 744 7 52 ,92 8 0 .0 8 0 , 1 4
11 4 7 ,2 7 7 7 ,432 5 4 ,7 0 9 715 723 ,58 0 0 .0 8 0 .1 4
12 5 6 ,9 82 8 ,2 9 9 65,281 656 6 6 3 ,8 7 2 0 .1 0 0 .1 8
13 5 0 ,0 00 5 ,0 0 0 5 5 .0 0 0 615 6 22 ,38 0 0 . 0 9 0 . 1 6
14 4 7 ,5 0 0 3 ,9 2 4 5 1 ,4 2 4 586 5 93 ,0 3 2 0 .0 9 0 .1 6
15 4 3 ,8 2 2 4 ,9 4 3 4 8 ,7 6 5 543 5 4 9 ,5 1 6 0 .0 9 0 . 1 6
16 5 1 ,4 4 2 7 ,3 2 5 5 8 ,7 6 7 515 5 21 ,1 8 0 0 .11 0 .1 9
17 4 9 ,8 2 3 7 .325 5 7 ,1 4 8 486 4 91 ,8 3 2 0 .1 2 0 .21
18 3 5 ,7 37 6 ,0 4 8 4 1 ,7 8 5 458 4 6 3 ,4 9 6 0 .0 9 0 . 1 6
19 4 6 ,5 6 3 3 ,2 4 7 4 9 ,8 1 0 429 4 3 4 ,1 4 8 0 .1 2 0 ,21
20 4 7 ,5 2 7 3 ,6 9 0 5 1 ,2 1 7 400 4 04 ,8 0 0 0 .1 3 0 .2 3
Mean
0 . 0 9 0 .1 6  
g m . /k g . /d a y
APPENDIX 5 (Continued)
T a b l e  7  - A n  e x a m p l e  o f  t h e  m a t h e m a t i c a l  t r e a t m e n t  o f  
t h e  d a t a  o b t a i n e d  i n  E x p e r i m e n t s  5 . 3 .  a n d  5 . 4 . 
{ t h e  f a t e  o f   ^ ^ M - p o l y v i n y l p y r r o l  i d o n e  i n  
p i q s  i n f e c t e d  w i t h  O e s o p h a q o s t o m u m  
o r  H y o s t r o n q y l u s )
P i g  1 8 7 1  ( c o n t r o l )
T o t a l  i n j e c t e d  a c t i v i t y :
W e i g h t  o f  s y r i n g e  c o n t a i n i n g  P V P  s o l u t i o n ;
W e i g h t  o f  s y r i n g e  a f t e r  s o l u t i o n  i n j e c t e d  i n t o  p i g :  
W e i g h t  o f  s o l u t i o n  i n j e c t e d  i n t o  p i g ;
W e i g h t  o f  s o l u t i o n  u s e d  t o  m a k e  s t a n d a r d ;
M a d e  u p  t o  2 5 0  m l . ,  I m l . r e m o v e d  a n d  m a d e  u p  t o  5  m i .
A c t i v i t y  o f  s t a n d a r d ;
Q u a n t i t y  o f  i s o t o p e  s o l u t i o n  i n  s t a n d a r d  =  0 . 8 3 3 5
250
N u m b e r  o f  c o u n t s  f r o m  1 g m .  i s o t o p e  
s o l u t i o n  =  1074
.003334
T o t a l  I n j e c t e d  d o s e  =  2 . 7 1 39 x  3 2 2 , 1 3 6  
F a e c a l  p l a s m a  c l e a r a n c e ;
8.9618  g m.  
6 Æ 7 9  g m .  
2 . 7 1 3 9  g m .
0.8335  g m .
1074 c t s . / s e c .  
.003334  g m .
322,136  c t s . / s e c .  
874,245  c t s . / s e c .
D a y
P l a s m a  a c t i v i t y  
c o u n t s
T o t a l  f a e c a l  
a c t  i v i t y  
c o u n t s
T o t a l  u r i n e  
a c t i v i t y  
c o u n t s
A p p a r e n t  
p i  a s m a  
c l e a r a n c e  
m l .
1 1 5 8 8 7 5 168,432 -
2 1 4 8 2 , 3 6 6 2 4 2 , 6 2 7 1 5 . 0
3 1 1 4 1 , 8 0 8 5 , 8 9 9 1 2 . 2
4 8 9 1 , 5 8 6 4,890 13.9
5 70 9 3 5 3,354 1 0 . 5
6 54 1 , 1 3 3 3 , 1 7 2 1 6 . 2
T o t a l 8 , 7 0 6 4 2 8 , 3 7 4 6 7 .8
%  t o t a l i n j e c t e d  a c t i v i t y  e x c r e t e d  i n f a e c e s  i n  s i x  d a y s ; 0 . 9 9 6 %
%  t o t a l i n j e c t e d  a c t i v i t y  e x c r e t e d  i n u r i n e  i n  s i x  d a y s ; 4 8 . 9 9 9 %
A P P E N D I X  5 ( C o n t i n u e d )
T a b l e  8  -  S e r u m  p r o t e i n  v a l u e s  f r o m  a p i g  ( P I  7 3 )
i n f e c t e d  w i t h  3 0 > 0 0 0  O e s o p h a q o s t o m u m
l a r v a e  o n  1 8 / 2 / 6 6
Date
T o ta l  serum 
p r o t e i n  
g. per cen t
A/G
r a t i o
Serum albumin  
c o n c e n t r â t  ion 
g, per cen t
Serum g lo bu l  in 
c o n c e n t r â t  ion 
g, per cent
29 /12 /65 7.29 0,92 3,49 3,81
8 /1 /6 6 5-94 0 ,6 4 2.30 2 .64
15/1 6.22 1,01 3,13 3.09
21/1 6,48 0 ,67 2 ,60 3.88
29/1 7.22 0 .68 2.91 4,32
5/2 6,63 0 ,38 1,82 ... 4,81
12/2 7.03 0 .94 3,03 4.00
19/2 - - - “
26/2 7.73 0.47 2 ,4 4 5,29
5/3 7.33 0*62 2,79 4 ,5 4
12/3 - - -
19/3 6 .09 0.52 2 ,09 4 ,00
26/3 7,29 0.66 2 ,89 4.40
2 /4 7,10 0,63 2 .7 4 4 .36
9 /4 - - -
15/4 6,91 0,71 2,90 4.01
23 /4 7.21 0 ,93 3,00 ■ 4.21
1/5 7.34 0 .85 3,36 3.98
7/5 6.32 0 .6 4 2.49 3.83
A P P E N D I X  5 ( C o n t i n u e d )
T a b l e  9  -  S e r u m  p r o t e i n  v a l u e s  f r o m  a p i g  ( PI  7 4 )
i n f e c t e d  w i t h  3 0 > 0 0 0  O e s o p h a q o s t o m u m
l a r v a e  o n  1 8 / 2 / 6 6
Date
T o ta l  serum 
p r o te i n  
g. per cen t
A/G 
r a t  io
Serum albumin 
c o n c e n t r â t  Ion 
g. per cent
Serum g lo bu l  in 
c o n c e n t r â t  ion 
g. per cent
29 /12 /65 .7.41 0 .7 7 3.20 4.21
8 /1 /6 6 6,70 0 .62 2.55 4 .15
15/1 - - -
21/1 6.42 0 ,92 3.02 3,40
29/1 6,60 0 .89 3,10 3,50
5/2 5,79 1.01 2.90 2 ,89
12/2 6 .75 1.15 3.61 3 ,14
19/2 - - - -
26/2 5.65 0.60 2 .09 3.56
5 /3 5,49 0.61 2 .09 3,40
12/3 6 , 60 0 .56 2 .38 4 .22
19/3 6 .07 0 ,83 2.12 3,95
26/3 6 .47 0 .83 2.90 3.57
2 /4 5.98 0 .5 4 2,09 3,89
9 /4 6 .4 4 0 .6 4 2,51 3,93
15/4 6.62 0.93 3.18 3 .44
23 /4 - - -
1/5 6 .08 0 .57 2,22 3,86
7/5 - - - -
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T a b l e  10 -  S e r u m  p r o t e i n  v a l u e s  f r o m  a p i g  ( P 1 7 5 )
i n f e c t e d  w i t h  3 0 . 0 0 0  O e s o p h a q o s t o m u m
l a r v a e  o n  1 8 / 2 / 6 6
Date
T o ta l  serum 
p r o t e i n  
g. per  cen t
A/G 
r a t  io
Serum albumin  
c o n c e n t r a t i o n  
g. per cen t
Serum g l o b u l i n  
c o n c e n t r â t  ion 
g, per cen t
29 /12 /65 5 .49 0 ,97 2,70 2.79
8 /1 /6 6 8.00 0 .73 3 ,37 4 .63
15/1 - - - -
21/1 7.18 0 .48 2.31 4 ,87
29/1 6 .32 0.78 2 ,77 3.55
5 /2 - - -
12/2 5 .98 0.56 2 .1 4 3 .84
19/2 - - - -
26/2 6.42 0 .80 2,82 3,60
5 /3 6 .97 0 ,40 1.97 5,00
12/3 5.60 0 ,42 1.66 4,11
19/3 5.65 0 .37 1.54 4.20
26/3 6 .74 0 .55 2.40 4 ,34
2 /4 6 .46 0 ,60 2 .42 4 .0 4
9 /4 7.03 0 .73 2 .96 4 ,97
15/4 6.51 0 .59 2.42 4 ,09
23 /4 - - - -
1/5 6,05 0 .70 2.49 3.56
7/5 - " - —
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T a b l e  11 -  S e r u m  p r o t e i n  v a l u e s  f r o m  a p i g  ( P I 7 6 )
i n f e c t e d  w i t h  3 0 , 0 0 0  O e s o p h a q o s t o m u m
l a r v a e  o n  1 8 / 2 / 6 6
Date
T o ta l  serum 
p r o t e i n  
g, per  cen t
A/G
r a t i o
Serum albumin 
c o n c e n t r a t i o n  
g. per cen t
Serum g lo bu l  in 
c o n c e n t r a t i o n  
g, per  cen t
29/12/65 6,50 0 ,69 2 .66 3.84
8 /1 /6 6 5.79 0 .79 2.55 3,24
15/1 6,80 0.71 2,83 3,97
21/1 6 . 06 0 .9 4 3,15 2.91
29/1 6.20 0.71 2 .54 3,66
5/2 6.75 1 .06 3 ,44 3,31
12/2 - - - 2,32
19/2 6.12 0.51 2.02 4.10
26/2 6.90 0 .72 2,90 4,00
5/3 - - -
12/3 - - -
19/3 7.12 0 .70 2.92 4.20
26/3 6.02 0 ,69 2 .45 3,57
2 /4 5.70 0 .67 2.28 3,42
9 /4 - - - "
15/4 6 ,06 0 .75 2,60 3,46
23/4 6.07 1.25 3,38 2.68
1/5 6 ,34 0 .75 2.72 3,62
7/5 6 ,63 0 .88 3.12 3.51
A P P E N D I X  5  ( C o n t i n u e d )
T a b l e  1 2  -  T a f f s  ( 1 9 6 6 )  r e c o r d s  t h e  c l i n i c a l  h i s t o r i e s  o f  t h e  
f o u r  p i q s  u s e d  i n  E x p e r i m e n t  3 . 1 .
T h e s e  m a y  b e  s u m m a r i z e d  a s  f o l l o w s ;
N a t u r e  o f  f a e c e s :
D a y s  a f t e r  
i n f e c t  i o n
P 1 7 3
P I  7 4
P i  7 5
P I  7 6
4 I o o s e
5 - 9 d i a r r h o e i c
1 0 - 1 6 d i a r r h o e  i c WÎ  t h s p o t s o f b l o o d a n d m u c u s
1 7 - 2 2 l o o s e
10, 1 5 l o o s e
1 6 d i a r r h o e i c w i  t h s p o t s o f b l o o d a n d m u c u s
1 7 l o o s e
5 _ 9 d i a r r h o e i c
10 - 1 7 d i a r r h o e i c w i  t h s p o t s o f b l o o d a n d m u c u s
1 8 - 2 2 d i a r r h o e i c
2 3 d I a r r h o e i c w i  t h s p o t s o f b l o o d a n d m u c u s
2 4 d i a r r h e o i c
2 5 - 2 7 l o o s e
2 9 l o o s e
6 , 8 , 9 l o o s e
A p p e t  i t e ;
P i  7 3  w a s  a n o r e x i c  f r o m  t h e  5 t h  t o  t h e  i 3 t h  d a y
p i  7 5  w a s  a n o r e x i c  f r o m  t h e  6 t h  t o  t h e  l 6 t h
i g t h  t o  t h e  2 1 s t
a n d  2 4 t h
PI 7 6  w a s  a n o r e x i c  f r o m  t h e  6 t h  t o  t h e  8 t h
G r o w t h - r a t e ;
PI 7 4  a n d  Pi 7 5  l o s t  w e i g h t  s o o n  a f t e r  i n f e c t i o n
N u m b e r  o f  a d u l t  w o r m s  r e c o v e r e d  a t  a u t o p s y :
P 1 7 3  -  3 , 2 0 6  P I  7 5  -  6 , 3 4 4
P I  7 4  -  1 , 9 4 2  P I  7 6  -  4 , 6 4 2
APPENDIX 6
T a b l e  1 -  I n d i v i d u a l  w e i g h t  c h a n g e s  o f  g u i n e a - p i g s  I n f e c t e d  
w i t h  1 0 . 0 0 0  O e s o p h a q o s t o m u m  l a r v a e  ( G r o u p  1 ) .  A n i m a l s  
w e i g h e d  w h e n  i n f e c t e d  ( D a y  0 )  a n d  a g a i n  a t  s l a u g h t e r
K i l l e d
d a y
G u i n e a - p i g
N o .  G P . 6 7
W e i g h t
c h a n g e
g m s .
K i l l e d
d a y
G u i n e a - p i g
N o .  G P . 6 7
We  i g h t  
c h a n g e  
g m s .
A . 4 1 0 - 8
1
F . 2 8 6
F . 2 8 7
C . C L F
J . B i





A . 4 0 8
D . 4 1 8




J i B B - 7
B . P O l 2 5 B . 0 Y 2 9 3
B . O P l 1 5 D . 4 i 6 7 6
3 E . 4 2 0 - 5 1 7 D . 4 1 7 3 7
G . B 2 5 G . B 3 1 2 0
K . B l i - 6 G . B 4 I I I
A . 4 0 9 11 B . G 0 2 9 1
5 D . 4 1 4 2 3 2 3 B . 0 G 2 7 8
D . 4 1 5 11 C . C W 129
A . 4 0 7 - 5 0
A . 4 1 2 - 1 1 3
7 0 . 4 1 3 2 8 2 4 G . B 5 1 0 7
B . G O l 4 6 G . B 6 9 0
B . O G l 1 5
J . B I O 2 4
A . 4 1  1 - 3 9 C . C B 1 3 5
9 B . 0 Y 1 4 7 2 9 C . C P 1 6 9
B . Y O i 4 6 C . C G 2 0 1
11
B . P 0 2
B . 0 P 2














B . Y 0 2
E . 4 1 9
E . 4 2 2
E . 4 2 3







J . B I  3  
J . B I 4  






APPENDIX 6 (C o n t in u e d )
T a b le  2 -  In d iv id u a l  we ig ht  changes o f  normal (Group 2 )  g u in e a -p ig s  
Weighed t h r i c e  week ly  d u r in g  exp erim ent  ..
Day
Gu i nea- p ig  No.
1.1 1.2 1.3 1 .4 1.5 1.6
2 3 6




5 32 42 46 19 34 20
7 55 52 57 44 57 46
9 55 61 65 35 61 46
12 80 81 84 48 87 70
| 4 87 93 96 70 100 82
16 86 111 111 94 109 97
19 101 127 128 112 128 119
21 102 136 135 122 138 128
23 124 153 154 137 162 157
26 123 164 156 140 166 159
28 138 173 176 161 182 185
30 142 170 173 166 189 195
33 158 194 191 193 204 223
35 169 207 210 205 217 244
37 178 213 217 202 230 247
40 - 231 222 202 228 256
42 - 244 234 200 254 285
Weighed Day 0 and ag a in  a t  s la u g h t e r
G u in e a -p ig  No. K i l l e d
day
Weight ga in  
gms.
A . 402 1 3
A . 405 5 28
A . 403 7 27
A . 401 9 54
A. 404 9 36
A. 406 15 54
A P P E N D I X  6  ( C o n t i n u e d )
Table  3 - I n d i v i d u a l  w e igh t  changes o f  g u in e a -p ig s  (Group 3) 
g iven  p o r t i o n s  o f  the  l i q u i d  in which the  l a rv a e  f o r  
the  Group I i n f e c t i o n  were suspended. Anima] 
weighed Day 0 and aga in  a t  s l a u g h te r
Gu inea-p ig  No.
GP.67
Day k i l l e d Weight  ga in gms.
L. 1 7 38
L.2 7 45
L.3 7 35
M. 1 13 104
M.2 13 74
C.YY 22 105





Tab le  4  -  Lengths o f  In d iv id u a l  l a rv a e  (u )  recovered from the 
in t e s t i n a l  mucosa o f  gu inea-p igs  In fected  w ith  10 ,000  la rvae
£ i d d^ 1 1 d d^
535 27 7 2 9 5 2 0 12 144
535 2 7 729 4 9 0 18 3 2 4
485 23 5 2 9 Day 13 5 1 5 7 4 9560 52 2 ,7 0 4 555 4 5 2 0 3
. 510 2 4 5 1 5 7 4 9
530 2 2 484 4 9 5 13 . 169
510 2 4
480 28 784






485 2 3 5 2 9
485 2 3 5 2 9
535 2 7 7 2 95 0 0 8 64

































485 2 3 5 2 9
13 169 480 28 784
4 7 0 38 1 ,444 4 4 5 6 3 3,969
5 0 5 3 9 540 48 2 3 0
5 0 0 8 64 5 2 5 17 289
480 28 784 4 7 0 38 1 ,444
500 8 64 4 9 5 '3 1695 0 0 8 64
4 9 0 18 3 2 4
480 28 784
Day 3 515 717
4 9
289
4 9 5 13 169
540 32 1,024
510 2 4
480 28 784 465 4 3 185
540 32 1 .0 2 4 5 1 5 7 4 9
4 9 5 13 169 Day 24 4 9 5 13 169540 32 1,024 5 3 0 22 484
5 1 5 7 4 9 4 4 5 63 3.969
5 1 5 7 49 4 7 0 38 1,444
£1 = 2 0 , 7 2 0 11 =  13,405
n = 4 l n = 2 7
X  =  5 0 5 X =  4 9 6
d ^  = 25,804 d^ =  21,959
SO = 7629 SO = /sTT
= + 2 5 =  +  2 9
SE =  Z5 = 3.9 SE = 22
Î 4 5.2
= 5 .6
A P P E N D I X  6  ( C o n t i n u e d )
Table  5 -  Number and d i s t r i b u t i o n  o f  la rv a e  and nodules
in fe c te d  w i t h  10,000 Oesophaqostomum la rv a e
Day Caecum
Co 1 on
1 1 1 1 1 1
Larvae
 ^ 1 176/253 130/152 21/7 78/116
3 28/148 2/156 7/95 19/88
7 12/110 3/24 8 /3 4 /18
13 2/233 9/52 13/88 12/18
17 15/16 11/12 30/10 40/78
24 15/29 14/1 0/40 17/ 11
48 1 0 /1 1 0 / 4 5/13 2/30
Nodules
1 0 /0 0 /0 0/0 0/0
3 0 /0 0/0 0/0 0/0
7 I /O 19/1 10/0 0 /0
13 2/26 18/15 23/0 3/1
17 0 /0 16/13 5 /2 16/13
24 19/12 5/53 2/12 7/16
48 4 / + 8 / + 5 /4 4 /16
+ c o n f l u e n t  -  im poss ib le  to  coun t .
